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ɿˀ 
 
 irǙ̪9ȽȺ5&3Tiu9}Yič5ctUgɽƜ
9̹1ƞ!LONm769Ɯ¥ƃir4:ˇ ĊƵ9ƭƵêL̮șǴ
óȢ̥QƩĂ(N"54ƽȺ8ÂÜ9`cb˕ʮ̀Q̮GNƳǼ̴ [
tU`̵ǆñ.5ʎLO3M̴Bergström. 1967 ̵ĵ9ɟƕ˹ƔI˴òƉĺ
ň8K03ń˝$O3NƜ¥ƃir4:̭ǝɢK>ʒʠ9`cbQǗ
Ȉ$*7"5̮}YiQɽƜ(N-G8˾ʸ4N5ʎLO3N
"5+9ȩȯ4M[tU`:Tiu8 NǙ̪ƩĂ9¶ʳȺƔ
Ǽ9̸14N5ˀN 
 ƳH̸19ƔǼ5&3̮ʚʔ̥QƩĂ(NSqutU`ƞ!LON
˨ţ˴ ò}Yi8ÿC(̮ʚʔ̥ƩĂ9ǆñƃQǡ˂(NÇÏN59ɾ
ˌȹʳ$O̴Burke. 2015 ̵̮ɫ˗̥5̮ʚʔ̥Q69K8ɵEĊP*N̃4
N5ʎɌ$O-̮ ʚʔ̥QƩĂ&-ŵ:ʱ£9˳̓ʚʔ˼įķ&ƽ
Ⱥ8ʚ˗¶ː®˱(N(Schmitz. 2008)˴òƽ9ʚ˗¶ː9®˱:`cbȃ˖
QƖè&Ɯ¥ƃ˴ò}Yi9čǊų4ND-̥«8ĎDO3N
ʚʔ8:¬˾ɷĊ9ǆț8K03̩ĕʚʔ˼5 ̩ĕʚʔ˼8á̤(N"54̩
ĕʚʔ˼8ǲA3¬˾ɷĊ9ĵ ̩ĕʚʔ˼:ƩĂŵ8Xy^5&3çȭ$O
N˭Ŧ˭(DeLany. 2000)˴òê8ƩĂ(Nʚʔ˼9ɗ̤8̉(NÔʲɉə4:
̩ĕʚʔ˼8ǲA ̩ĕʚʔ˼QƩĂ&-Ƴ˴òƽ9ēď¯ƦǲÁ(N5īĐ
$O3N(Bradley. 2008) 
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 ƩĂ(Nʚʔ˼9ɗ̤9˷:Xy^¶ː·Ĵ9ȫȩȺ}n8HŲ̛Q
ÿC(̮  ̩ĕʚʔ˼̥5ǲˢ&̮̩ĕʚʔ˼̥:ĝ̥ʏ9ʱĥ̥ ŵʱɫÏK>
Viáǻ̀Qįï$*N̴Gillingham. 2011 ̵˨ţ4:cu̥5ǲˢ
&̮ʚʔ̥9ƩĂ8K03Wi9ǤƵʲòđǊũ̅&ǌǟɵʆ9ƽˁ˺½Ľ9ȹ
ȧjȊŭ(N5īĐ$O3N̴Kohsaka. 2007 ̵μ8̮Ç ̩ĕʚʔ˼5ǲ
ˢ&̮̩ĕʚʔ˼̥:ǀǊ8 NWi9Ȁò̀QȊŒ$* NREMɄɁQįï$*
N5īĐ$O-̴Sartorius. 2012 ̵̮șǴóȢ̥K>̮ʚʔ̥9ƩĂ5Ǎɉə4Ƀ
Ƚ&3NɄɁQĎFȫÂj59̉È813:ÔʲɉəB5R6īĐ$O3
7TiuǄ̮9}YiQȹƧ(N-G8:ˇ ĊêƵIůƵ9̥
«K>ƩĂ(NǙ̪ɱ9Ŝȴ8KNŲ̛Qƹɋ8(N"5ǵGLONɄɁQĎ
FȫÂjQƮN"5:TiuǄ̮9}YiQȹƧ(N-G8˾
ʸ4N"58ïctUgx`9ˎƮ$L8:ʧ9±9ÐŨɥȩ8H
ķâ4N·9ʗƿKMǍɉə4:ƩĂ(NǙ̪ɱ9̀Iɗ̤9ŜȴXy^
¶ːK>ɄɁQĎFȫÂj8ÿC(Ų̛Qǡ˂(N"5QȽȺ5&- 
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Ưȥɉə 
 
1. Tiu9-G9Ǚ̪ƩĂǼ 
1-1. [tU` 
 ˴òê8șǴóȢ9ĵ̥«QƩĂ&ɢ`cbȖŦQ̮G3"5̅
ƽ̈˴òƽ9}YiQč$*N4˾ʸ4N5ʎLO3Nʴ ̬ʏ
ʣˡˠ˴òQ69L̅ɼ LON5}Yiˇ̬Qʲ0-ɉə
8KMșǴóȢ9ƩẰĵʊB6ɢ`cbȖŦ̮˴ ò9Ɯɼƽ̈
̅7N5 1967ţ8īĐ$O-̴Bergström. 1967 ̵+"4ir9ȧĬ4:ɢ`
cb̀Q̮GN-G8[tU`5ē;ONǙ̪ĿȺƔǼʲPO
3N[tU`Ǆä8ƥǞ$O-ƳǼ5&3:̺ Ƶ̈ÁșǴóȢ̥Q
ƩM7L˴òQʲ"54Ù˟9ɢ`cbQǗȈ&-ȤƋQɽƜ$*+9ŵ
̮ɫ˗̥QƩĂ&ɢ`cbQĠź$*N"9K7ƳǼ8KMɢ`cb
QǗȈ$*N·ê9ǴȑKM̮ÊƜ(N"54NK87N˚ĠźQ˙"(
"54N̴ HultmanL and Nilsson. 1971 ̵+9ŵH˴ òê9̮șǴóȢ̥8K03
ȶðĢƏD49ƽ̈ƪĜ&-5ɉəʷƭīĐ$O3N̴Chryssanthopoulos. 
2002, Okano. 1988, Schabort. 1999 ̵ń̑8̮șǴóȢ̥ƩĂ8K03Ɯ¥Ⱥx`
ʙí 22̳ƪĜ&-5īĐ̴Chryssanthopoulos. 1997̵I̸˰̈9[t
U`Qʲê5ŵ4:30km˘9nVuVTɮ 4áɇʃ$O-5īĐ
̴Williams. 1992̵HMTiu9}Yič8ʅN5$O3N 
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1-2. SqutU` 
 ˇĊI˴òê9̥«4̮ʚʔ̥QƩĂ&ʚ˗¶ːQ®˱$*NƔǼQSqu
tU`5òȢń̬4:˴òê8̮ʚʔ̥QƩĂ(N"58KNǆñƃ
īĐ$O3N̮ ʚʔ̥Q̅Ǌ̈ƩĂ&-qu:˴ ò£9ɢ`cbçȭ
ķƖLO-"58K03ȶðĢƏ8ʤND49˴òƜɼƽ̈ũ̅&-̴ Miller. 
1984 ̵D-̅Ǌ8P-M̮ʚʔ̥QƩĂ(N"58KMɢʑʚ˗QñȦȺ8X
y^5&3çȭ4NK˟ÂQ˸ſ$*3ƳǼ:fat adaptation5ēɔ$
O3N̴Hawley. 2011 ̵șǴóȢǲȦQ 20%·ʚ˗ǲȦQ 60%·5&-̮ʚ
ʔ̥QŒ75H̻×ǅɻɼ&- fat adaptationQʲ703N˴ò˹Ɣ5[
tU`Q&3N˴ò˹Ɣ9˴òƽXy^Ī˗5ʱȄƐáQˎANɉə4:fat 
adaptation Qʲ703N˹Ɣ:ŁŃ&3ʚ˗QXy^Ī˗5&3çȭ&3-
̴Volek. 2016 ̵Ƴ4[tU`Qʲ03N˹Ɣ:˴òQļG-Ⱦŵ
:`cbQXy^Ī˗5&3çȭ&ƽ̈9ɶ˵55H8Xy^Ī˗Q
ʚ˗@5ɕʲ&3N+9ɷǕʱȇ¨˼Ïķįï&-"9ɉə4 fat 
adaptation Qʲ0-ʴ̬ʏ9̥«ƩĂȤǹˎǘ9ɷǕ4:̥«ʚ˗9/̩ĕʚʔ˼
ɮ 43%Ç ̩ĕʚʔ˼ɮ 41%ĵÇ ̩ĕʚʔ˼ɮ 16%9ìĊ4ƩĂ$O
3- 
 ~uQŎ˓5&-ń̬4:̮ ʚʔ̥˴ò}Yi9ɷǕQč$*-5
ƹɋ7ɷǕ:ŸLO37&&7L̮ʚʔ̥9£8:au̥5ē
;ONʱ£9auÂȖŦįï(NK7ÁșǴóȢ̮ʚʔ̥9̥«M
̴Wilder. 1921 ̵"9auÂQįï$*N̥«Tiu8503ǆñ4N5
ɆʹīĐ$O3N̴Cox. 2016 ̵auÂ:ʜ̭ǝɢŽɢ768ĂM˧D
 5 
OXy^Ȑ5&3çȭ$ON̴ Sato, 1995 ̵ń̑8au̥9̅ǊƩĂ8KM
˴ò£9ʚ˗˼ó̀ʭ&įķ(N"5ƹL5703N̮ ɫ˗̥QƩĂ&3
N˹Ɣ8ǲA3au̥Q̅Ǌ̴̈9−36 ×ǅ̵̈ƩĂ&-Wum˹Ɣ
K>uVTi˹Ɣ4:ʚ˗˼ó̀̹Í·̮ÏQɌ&KM̮ŮŦ9˴
ò4Hʚ˗çȭ4NÂ˗5703N"5īĐ$O3N̴Volek. 2016 ̵$L
8"9K7˹Ɣ4:£ŮŦ49x`˴òQʲ70-ĬĊ+9ƽ9Xy
^9ɮ̾ìʚ˗LÆɸ$O3N"5HɌ$O3N"9K8au̥8
K03ˬŠ9̮ʚʔ̥·8ʚ˗˼óʙíč(N"54șǴóȢ9ǗȈ$L8:
ȶð9ȹȫQª̊4N"5Ǌų$O3N˨ ţ4:auÂ8Xi±QɷĊ
$*auÂzXi±5(N"54Tiu8ȾƢauÂeuQƩ
Ă$*Nǡ˂HʲPO3NauÂzXi±QǇȭ$*N5[tU
`Q&3N5KMH30á̈Ùí4ʣˡˠQȔ.˘ʲ˜̓ 400mB6įï&
}Yi9čʽō$O-5īĐ$O-̴Cox. 2016 ̵&&7L̮ʚʔ
̥Tiu9ȶðI}Yi8ÿC(Ų̛813:D.D.Xti
 ˛&3NȤǹ4N 
 
13. ̮șǴóȢ̥5̮ʚʔ̥59ɵEĊP* 
 Tiu9̥«5&3[tU`K>SqutU`96/L
KMǆñ4Nɷˏ:à37Ôʲɉə4:̮șǴóȢ̥5̮ʚʔ̥5Q
ɵEĊP*-ń̬ʲPO3NFat adaptationQʲ703N˹Ɣ8˴òˇ̬êƵ8
9E̮șǴóȢ̥QƩĂ$*N"54[tU`Qʲ703N˹ƔKMH
˴òǊ̈8 Nʚ˗˼ó̀Q̮ɽƜ(N"54-5īĐ$O3N̴Burke. 
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2002, Rowlands, 2002 ̵˴ò£9ʚ˗˼ó̀̮DN5ɷǕ:˕ʮ$O3N`
cbQȌľ4N5çȚ@5ʅN+OL9ɉəQ˞D 2015 ţ8ȹʳ
$O-ɾˌ4:Tiu8Ǆ˸7̥«QƹL8(N-G8:̮ șǴóȢ̥5̮
ʚʔ̥Q69K8ɵEĊP*Nǡ˂(N"5̃4N5ˌƹ$O-̴Burke. 
2015 ̵ 
 
2. ̮șǴóȢ̥̮ʚʔ̥ƩĂ8KNȫȩȺĲó 
 Tiu9̥«ƔǼ5&3ĂMØOLO3N̮șǴóȢ̥K>̮ʚʔ̥:̥
ŵ8Ǧ7ȫȩȺ7ĲóQū˙"(ɢʑʒʠ`cb˕ʮIȌľ8ǾȽ(N
. 47˟Â8ÿC(+9´9ÃȭHȩʿ&3žʸN 
 
2−1. ̮șǴóȢ̥ 
 Tiu9-G9Ǚ̪ƩĂǼ:ɢʑʒʠ`cb˕ʮ̀9įïIȌľ8Ƀ
Ƚ&-H94Nǣɞ7Ǚ̪ɱɵƐ9̥«:Ǧ7ȫȩȺ7ĲóQū˙"(Û
ÂÅ9̸15&3̮ șǴóȢ̥QƩĂ(N"54ʱɫÏƸ&Vi9áǻ
ˊȹ$ON̴Himsworth. 1934 ̵˴ò̇ļê8șǴóȢQƩĂ&-ɉə4:Vi
9áǻįï(N"58KMʱɫÏ9Áū˙"$ON"9äǊ9ʱɫÏ
9Á:˴ò}Yi8:ƆŲ̛QÿC$75īĐ&3N̴ Febbraio. 2000 ̵
&&7LVi:ɫ¶ːQÉ˱(N¶PM8ʚ˗˼óQƖè&̴Sidossis. 
1996 ̵ʱĥQƸ$*̴DeFronzo. 1975, Scherrer. 1997 ̵ƌƃȺ7áǻ9įï:òʛɊ
óQū˙"(76ȫȀʍƍȷ9ʸġ57N̴ Pyöräla. 1979 ̵ʓȏʏ83:̮ ș
ǴóȢ̥:ƩĂ&3L 4ƽ̈ŵ9ʱȇ`ȖŦQ̥êKMHƸ$*pv
 7 
YYȖŦQÁ$*N-G̥ǫH®˱$*N̴Lomenick. 2009 ̵ 
2−2. ̮ʚʔ̥ 
 ̮ʚʔ̥8K03ȫÂă NŲ̛:KMʷ̒4Nʚʔ˼:șɱ̴C ̵Ǵɱ
̴H ̵˼ɱ̴O̵9 3ɗ̤9üĽ4ǥƐ$Oșɱ9ƭIșɱ5șɱ917MƳ76
9˷8KMǦ7ɗ̤8á̤$ON̴ʳ̸ ̵ʚʔ˼:ǥˮ9˷8KM̩ĕ
ʚʔ˼5 ̩ĕʚʔ˼9 2ɗ̤8á̤$ONșɱ5șɱ9̈8¬˾ɷĊ7
ʚʔ˼Q̩ĕʚʔ˼¬˾ɷĊNʚʔ˼Q ̩ĕʚʔ˼5ē?D- ̩ĕʚʔ
˼9/șɱ9¬˾ɷĊ19H9QÇ ̩ĕʚʔ˼21·NH9Qĵ
Ç ̩ĕʚʔ˼5á 3NĵÇ ̩ĕʚʔ˼:$L8șóǴɱ̄9ǌɞ9p
ĪLƭ36ȳȽ9șɱ8¬˾ɷĊǄä8ľĦ(Nn-6ɬ3ȳȽ9șɱ8
¬˾ɷĊǄä8ľĦ(Nn-3ɬ9ʚʔ˼5á̤&3NĘ¨̤:ÂÜ4ʚʔ˼
Q̅̄ ̩ĕó4NǨǥQÑ3Nz˼̴18:2. n-6 ɬ̵5-z
˼̴18:3. n-3ɬ̵QȬȫ47-G"OL:ž̟ʚʔ˼5ē;ON 
 ʧȺ8oóǲˢˇ̬403H_iZ|ˇ̬403H̥ «4Ʃ
Ă(Nʚ˗Q̩ĕʚʔ˼LÇ ̩ĕʚʔ˼8˻ʈƦN²ØQʲ"58K
03ÜʠʚʔĨʓȏQª̊4£ƃʚ˗ʱ ĥK>ʱɫÏÁ(N̴ Gillingham. 
2011 ̵ĵÇ ̩ĕʚʔ˼4Nvce]eX˼IXVcenX˼9ÐŨñ
Ǖ:KṂʭ4MȫȀʍƍȷª̊ñǕ8ïˉɆȸI̯ȷ9ª̊769n
i8HñǕQɌ(̴Simopoulos. 2016, Hashimoto. 2017 ̵$L8̩ĕʚʔ˼Q¤5
&-̥«5ǲˢ& ̩ĕʚʔ˼Q¤5&-̥«QƩĂ(N"58K03̥ ŵƭƽ̈
9ʚ˗˼ó̀įķ(N5īĐĵƭN̴ Casas-Agustench. 2009, Piers. 2002, Flint. 
2003, Soares. 2004 ̵ 
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 ʳ 1. ̥Ė£8ĎDON¤7ʚʔ˼9Å5á̴̤˦ǔǴȬɀ. 2018̵ 
 
3. ̥«5ɄɁQĎFȫÂj9̉È 
3−1. ȫÂj9ȹȫǨť 
 ĵ9ȫȢƼĶ9ȪĮeV_8ċˎ&- 24 ƽ̈9jQɌ("9K7
đǊƃQH0-«˓ƃ˗Qe[tUTj̴ǤƵj̵5ē>"9j
:±̈9ȫȩǨʙ̴ɄɁ–ʼ˽ÂȌ̥«–ƠǺáǻ76̵9ĵ8ľĦ(
N̴King. 2000 ̵ÂÜƽˁ5:"9K7ȫĔȀò8̉PNe[tUTj
Qȹȫ$*NǨǥ9"54MǦ7ȫȩȧ˓ƽˁ˺½Ľ9ȹȧ8èŹ$O3Ƶ
ÜĲòQʇM˩&3Nʜ8:ʻ¯þǜ (suprachiasmatic nucleus ; SCN)5Ɏɶ
ɳʘ9ĭMĘ¨̤8 NÂÜƽˁ:SCNˎɦ9£ǖ5703N(Abe. 2002)
D-ǌǟ9ʠĞ(7P/ʖʒʠʝʠŽʠɢʑ769Ù˟9ɳʘ£8:ƽˁ
˺½Ľȹȧ&3N5á03M+OL:ǌǟƽˁ5ē;O3N 
 SCN ÃMà&3Ne[tUTj:ƽˁ˺½Ľ5˺½Ľ9Ò8K
Mȹȫ&3N¶ʳȺ7cTƽˁ˺½Ľ5&3ClockBmal1PerCry 76ƞ
ek_ N|lV_ hv WiS] x nn
   y{00 y"{Y^R
	  	 z{	00 :5J%6JP !XAED^R"K:
)  )
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!LON"OL9cTƽˁ˺½Ľ:Ù˟9ɳʘ83ˡÞèŹn}_˗5&3
ƽˁ˺½ĽI+9´9˺½Ľ9ˡÞ9É˱-Ɩè9Uv|q_ǨǥQèŹ&3M
̴Ĥ 1 ̵+OL:£ǖLâM̓$O3Hʣɝ&-́RNAȹȧ9jQɽƜ
&ɼ LON"5ɆLO3N"9ƽˁ˺½Ľ9ȹȧjQĪȼ5&3ɎɶȀò
ÂȌáǻ50-_7ȫȩȧ˓9e[tUTjQŰƐ&3N
5ʎLO3N 
 e[tUTjQȫEà(Ɵòȧ˓9ʸɱ5&3đǊÀȿƟšM
ƵǍƽ̈ȫȢĿ¼(Chiba. 1998)4:·9K8Ńʋ&3N(Ĥ 2) 
	đǊ 
 j8 NǄķÏLǄķÏD-:ǄőÏLǄőÏD49̅$9"54òȢ
9e[tUTj4:BC 24 ƽ̈4NƽˁIĴ˻ȪĮeV_9μŃ9À
ȿ̴Å;öê 6 ƽƵǷƽ76̵QĪȑ8&3+"L9ƽ̈4LP&-M
ÂÜj9μŃ9Àȿ̴Å;ʼ˽ƽé̵L9ƽ̈4LP&-M(N 

Àȿ 
 nV`9ŔŦ4Mj8ǄH˨¿(N̉ƭ̴Å;ǭŬ̉ƭ̵9̜Ț̴Ǆ
ķÏ 9̵ÀȿʾQƈĒ(NƽˁIĴ˻ȪĮeV_9μŃ9Àȿ̴ Å;öê 6ƽ
ƵǷƽ76̵QĪȑ5&+9ĪȑL9ƽ̈4ʳ(D-:ÂÜj9μŃ9Àȿ
̴Å;ʼ˽ƽé̵L9ƽ̈4ʳ( 
Ɵš 
 ȍŃÏ9ƽ̈Ĳò9šQɌ(j8 NǄķÏLǄőÏD49̅$(7P
/Ɵò9ķ$QƈĒ(N 
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Ĥ 1. ƽˁ˺½Ľ9Uv|q_Ǩǥ9ǤƀĤ(King. 2000, Arendt. 2010ƪĲ) 
 
 
 
Ĥ 2. e[tUTjQȫEà(Ɵòȧ˓9ʸɱ 
 
3−2. ɄɁ9ǥˮ5³ɵE 
 ɄɁ:Ƃ˭ɂȨ˴ò̴rapid eye movement: REM̵àȧ(NɄɁ5REMàȧ
&7ɄɁ̴ non-rapid eye movement: NREM ̵+&3Ƚ:ʼG3:7ʜǽȺ8:
ʼ˽QɌ( wake9 3ɗ̤9ʜǽLǥƐ$ON(Koike. 2010)ɄɁ8:i±hľ
Ħ&Ȃ NREMɄɁ(ɄɁi±h 1,2)LļDMȅ NREMɄɁ(ɄɁi±h 3̿
 11 
ȅɄɁ)@5ɕʲ(NØɁŵ 90 áɖŦ4Ǆä9 REM ɄɁàȧ&+9ŵNREM
ɄɁ5 REMɄɁ¯­8Ŏ570390áL 120áđǊ(ɄɁđǊ)QŰƐ&ƾ4
3 ĠL 5 ĠʇM˩$ONǄä9ɄɁđǊ4ĵàȧ(N NREM ɄɁ:ɄɁÙÂ
9£4ǄHȅɁM4Mƹ Ƴ87N81O3Ȃ NREMɄɁI REMɄɁ9àȧ
ƽ̈ĵ70359ˬŠ9ɄɁ}n4NNREM-REMɄɁ9ĉɄ
Ɂǰ̐8̉&3+9àȧ(ǸIƽǊƜɼƃ769ɾĊȺ7μżQɄɁǥɨ5ē? 
 
33.ƽˁ˺½Ľ5ɄɁ9̉È 
 cTƽˁ˺½Ľ914N Per Qzq_TWu&-Wi9Ȁòj:Śİ&
ƹǊ9Ȁò̀įï&ǀǊ9Ȁò̀ȊŒ&ƹǀeV_8 N{ĹPO
N̴ Cermakian. 2001 ̵"9üġ:PerQzq_TWu&-"58K03CLOCK/BMAL1
ʷĊÂ5 PER/CRYʷĊÂ9y\±UUv|q_ǨǥƐMɝ-770--G
4N5ʎō$ONǭŠ7ƽˁ˺½Ľ9Uv|q_ȫEà(ȹȧj
ʼ˽-ɄɁQèŹ&3Mń̑8 Clock QĲȴ$*-Wi9ɄɁǥɨ:Ĳó&
˿ȫĨWi5ǲˢ&3ĲȴWi:ɾɄɁƽ̈ȊŒNREMɄɁ9̀HȊŒREM
ɄɁ9̀:įï&-̴Naylor. 2000 ̵~u9ĬĊHƽˁ˺½Ľȹȧj9ƟšȊŭ
(N55H8B5R69ȫȩǨʙ4+9e[tUTj9ƟšȊŭ&đǊ
̅ɇ703̴Yamazaki. 2002, Hofman. 2006 ̵ʩţʏ5ǲˢ&3̮̲ʏ4:Ƽ
Ķ9ȅ˻ÂȌ9Ŝ1DMƟšÁ&3Mȅ˻ÂȌ9ǄÁȚ 2ƽ̈˨ê˱&
3N̴Czeisler. 1992 ̵ï3ï̲55H8uxjHê˱(N"5P
03N̴ Tozawa. 2003 ̵̮ ̲ó8¾Ʒǉʼ˽9ʗƿ8:ȫÂjɄɁƽ̈
Ş8Ŏ&3ȿŎȺ8êÎ&87MǈD&œŤƽéKMƷLɁǳàȧ&ǈD
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&˙Ťƽé87Nê8ʼ˽&3&DK87N5ʎLO3N̴ Lack. 2008 ̵·
9ɆʹKMɄɁ-ʼ˽Iȅ˻ÂȌ769ȫÂj:ƽˁ˺½Ľ9ȹȧ8Ų̛Qă
 3N5ʎLON 
 
3−4. ̥«59̉ÈQɌ(Ôʲɉə 
 ɄɁIȫÂj8Ų̛Q¡Nʸġ:iuiÕȀò̀̒̚761H
ƞ!LON̴Brainard. 2001, Shapiro. 1981, Fontvieille. 1994̵ʦĒȅ"58+O
L9ȫȩǨʙ8:ƩĂ(N̥«9̀Iɗ̤Hȅ̉P03N 
 ̮șǴóȢ̥:ȃα&3LɄɁ9i±h 2àȧ(ND49Ǌ̈QƈĒ(NØ
ɁȕƽQɇʃ(N̮-R<˗̴̥-R<˗̿ʚ˗̿șǴóȢ̀56:22:22 ̵̮șǴ
óȢ̴̥-R<˗̿ʚ˗̿șǴóȢ̀22:22:56 ̵K>̮ʚʔ̴̥-R<˗̿ʚ˗̿
șǴóȢ̀22:56:22̵QƩĂ&-ʊQcuʊ̴-R<˗̿ʚ˗̿șǴóȢ
̀15:35:50̵5ǲˢ&-ɉə4:̮șǴóȢ̥ʊ9EØɁȕƽǆƈ8ɇʃ$O-
̴Lindseth. 2013 ̵$L8ċ'Üŉ9̮șǴóȢ̴̥șǴóȢXy^ǲȦ 90%̵
4HœŌê9̥«ƽ̈8K03˷ȧOœŌ 1ƽ̈ê8ƩĂ(Nʊ5ǲˢ&3œŌ
4ƽ̈ê8ƩĂ(Nʊ83ØɁȕƽɇʃ&-(Afaghi. 2007) 
 &&7LɄɁǥɨ@¡NŲ̛8̉&3:̮ șǴóȢ̥ȅɄɁQȊŒ$*
N5īĐ4ʥ&3N~uQŎ˓5&-ɉə5&3:Phillipsɡ 1975ţ8
ÁșǴóȢ̥ (-R<˗̿ʚ˗̿șǴóȢ̀10:77:13)5ǲˢ&3̮șǴóȢ̥(-R<
˗̿ʚ˗̿șǴóȢ̀10:10:80)QƩĂ&-ʊ83ȅɄɁȊŒ& REMɄɁ
įï(N5īĐ&-̴ Phillips. 1975 ̵+9ŵHAfaghiɡˬŠ̴̥ -R<˗̿ʚ˗̿
șǴóȢ̀15.5:12.5:72̵5ǲˢ&˚ÁșǴóȢ̥ (-R<˗̿ʚ˗̿șǴóȢ̀
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38:61:1)QƩĂ&-ʊ83ȅɄɁįï(N5īĐ&-̴Afaghi. 2008 ̵ 
 Ƴ4̮ʚʔ̥9ƩĂ~u9ɄɁǥɨ8¡NŲ̛813:ǡ˂$O37
&&7LòȢń̬L:̮ʚʔ̥ɄɁ-ʼ˽eV_QĲó$*NɆʹŸL
O3NƹǀeV_9Ų̛Q̎Ĵ(N-G8ƄǀȤƋ5&-Wi8ˬŠ̴̥ -R
<˗̿ʚ˗̿șǴóȢ̀16:27:57̵D-:̮ʚʔ̥(-R<˗̿ʚ˗̿șǴóȢ̀
10:45:35)Q¡N5̮ ʚʔ̥Q¡3Nʊ4:ǤƵʲòđǊŵ˪(N5īĐ$O
-̴Kohsaka. 2007 ̵$L8"9̮ʚʔ̥8KNʲòđǊ9˲ũ:ƩĂ(N̥«8
ĎDON̩ĕʚʔ˼8K03ū˙"$O3NąʙƃɌę$O3Nˬ Š̥̮
̩ĕʚʔ˼̥̮Ç ̩ĕʚʔ˼̥9+O,O4̨ʕ&-Wi:Ʃ̥jɄ
Ɂ−ʼ˽j8Ŝȴʽō$O̮ ̩ĕʚʔ˼̥ʊ83ƹǊ9 NREMɄɁȊŒ
&ǀǊ9ʼ˽ȊŒ&-5īĐ$O-̴Sartorius. 2012 ̵D-̮ʚʔ̥9£4H
șǴóȢǲȦQ̸̳·5&3ʚ˗ǲȦQ̮G-auÂoVXquQWi8 14 Ƶ
̈Ɨ¡(N5ƽˁ˺½Ľ9̸14N Period29̜ȚÀȿ 4ƽ̈L 8ƽ̈ɖŦê
˱&Ʒƽé8ȽʼG3ȀòQļGNK87N"5ɋˉ$O-̴Oishi. 2009 ̵
"OL9Ɇʹ:̮ ʚʔ̥9ƩĂ~u9ɄɁIȫÂj8HŲ̛Q¡NąʙƃQ
Ɍ( 
 ̮șǴóȢ̥ȅɄɁQȊŒ$*N5Ɇʹ8̉&3:219Ôʲɉə4ɷǕ
ʥ&3N̴ Phillips. 1975, Afaghi. 2008 ̵&&7LPhillipsɡ:ɄɁi±h
9ɶƽĲóQɌ&37-GɄɁǥɨ8̉&39ˆÇ: łÙ4NAfaghiɡ:
ˬŠ̥5˚ÁșǴóȢ̥54-R<˗Xy^ǲȦȴ703N-R<˗
9ǥƐǏư4NTz˼8:ɄɁ8Ų̛Q¡NTz˼HN5á03N
̴Spinweber. 1983 ̵"OL9ȩȯKM̮șǴóȢ̥ɄɁ8¡NŲ̛813
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ǐºQɹ&3Ýǡ˂QʲžʸN5ʎLOND-̮ ʚʔ̥ɄɁǥɨ96
9K7Ų̛QÿC(9: ƹ4Nˈ ɳ7ǡ˂Qʲ-G8:̥Ė£8ĎDO
Nʚʔ˼9ɗ̤8ǾȽ(NžʸN5ˀN 
 
4. Tiu8503ɄɁ9ƈʋ 
 ÐŨ2M9̺ʸɱ5$O3N˴òǙ̪»̪9£4»̪8ĎDONʸɱ4
NɄɁ:Tiu8503ǣG3˾ʸ4Nõá7ɄɁQɋÊ(N"5˴ò}
YiQč$*N5Ɍ&-Ôʲɉə5&3|iaqu˹Ɣ8139
²ØɉəN|iaqu˹ƔQʴ̬ʏ5&10 ƽ̈ɄɁQ 6 ˰̈ɻɼ$*
N²ØQ(N"54guIiVugu9ƐîȦIŽȩ±iu
9Ɛʄ²ØêKMHč&-5īĐ$O-̴Mah. 2011 ̵D-TiuQʴ̬ʏ
5&-_iZ|ˇ̬83ɄɁƽ̈ 6ƽ̈·9ɄɁ ˛ˇʲ5ǲˢ&Ʉ
Ɂƽ̈ 8ƽ̈·9ˇʲ4:piIi_qu769ĵ̉ɦux`
9Ɛʄč&ĉɗȽ9ɾ˔ʫ̀įï&-̴Cook. 2012 ̵ƂƃñǕQǡ˂(Nɉ
ə4:30 ƽ̈ɄɁQĂ037ɄɁ ˛ʊ5ǲˢ&õá8ɄɁQ50-ʊ4:
uqv8KNƜ¥í±iu9ƐʄÓO3-̴Oliver. 2009 ̵ɄɁ5Ti
u9}Yi8̉&39XtiQD5G-ɾˌ4:ʣŴɎɶɬI×ȵɬ
Ɓʎʙí76˴ò8ȾƢ̉˯(N$D%D7ǨʙQÁ$*NɷǕ5&3˴òʙ
í8ƆŲ̛QÿC(ąʙƃN5ˌƹ$O3N̴Fullagar. 2015 ̵ 
 ɄɁ9£4ɠđǊ9ȅɄɁǄH˾ʸ4N5ʎLO3NɠđǊ9ȅɄɁ
àȧǊ̈8:¯ƊɎɶȀòķÁ(N+9-GʣŴɎɶ9|iQƮNÒ
5&3žʸ ąǩ4M̴Ako. 2003 ̵ï3ɠđǊ9ȅɄɁ ˛(N"5Ķ
 15 
̈9ɄɁ-ʼ˽eV_ÙÂQ§O$*N5"5HɆLO3N̴Endo. 1998 ̵$
L8ØɁȾŵ8àȧ(NɄɁɠđǊ9ȅɄɁ9̈8:Ɛ̅9áǻū
˙"$ON̴Takahashi. 1968 ̵Ɛ̅ăŉÂÃȭ̋ŇʰQƗ¡&Ɛ̅
9ȫȩÃȭQƖè&-ɷǕƜ¥í9ÁˉGLO-5īĐHN-G̴Goto. 
2008 ̵ɄɁɠđǊ9ȅɄɁQ&0M5ɋÊ(N"5Tiu8503˾ʸ
4N5ˀNɠđǊ9ȅɄɁȊŒ(N5ʌƵ9¤ʽȺ7ɁǳƝƭ̮DN
̴Yoshida. 1998 ̵"OL9īĐ:»̪5&3õá7ƽ̈5ȅɄɁQ5N"5:T
iu9ÂˎɥȩK>}Yič9-G9˾ʸ7ʸɱ4N"5QɌ&
3N 
 
5. ɄɁ5Xy^¶ː59̉˯ 
 Xy^¶ː5ɄɁ:ĵ9ȫÂÜáĽǨǥQÚǆ&3N+9̉˯ƃQɌ(
̸15&3ɄɁi±h5Xy^¶ːK>˼óĪ˗8:ȿ­̉ÈN"5
Qɐ9ƒŗ(Nɉə`:(48ƹL8&3N̴Katayose. 2009 ̵ɄɁi±
h̹K>ȅɄɁ5ǲˢ&REM ɄɁ9̈9Xy^ȃ˖̀:ǆƈ8̮ÏQɌ&
$L8ȅɄɁ5ǲˢ& REMɄɁ9̈9șǴóȢ˼ó̀:ǆƈ8̮ÏQɌ&-ï3
ɄɁƽ9Xy^ȃ˖̀5șǴóȢ˼ó̀:REM ɄɁIØɁŵ9ɇƽ̈9ʼ˽ƽ
5ǲˢ&ȅɄɁ4ÁÏ57N"5QīĐ&3N(Kayaba. 2017)Ƴ4òȢń̬4
:̅Ǌ̈ɺ̥$*N"54Xy^9¤7˼óĪ˗șǴóȢLʚ˗@5ɕʲ(
Nɺ̥Qɼ N"54ȅɄɁHįï&35īĐ$O-̴Dewasmes. 1984 ̵~
uQŎ˓5&-ń̬4HċǦ82-3 Ƶ9ɺ̥Qʲ5ȅɄɁįï(N̴MacFadyen. 
1973 ̵"OL9īĐ:ȫÂÜ9Xy^Ī˗ɄɁ9ȅ$8̉¡&3M˼ó
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Ī˗9Ĳó8¾03ɄɁǥɨHĲó(NąʙƃQɌę&-·9ɆʹKM̥ «Ʉ
Ɂ8¡NŲ̛QKMƹɋ8(N-G8:Xy^¶ː5ʜǽQċƽ8ȍŃ&ɷǕ
Qǡ˂(NžʸƃN"5Ɍ$O- 
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ɉəˍ̢9˄Ń 
 
Ưȥɉə9ɷǕ·9Țˍ̢4N5ʎLON 
1. ̮șǴóȢ̥I̮ʚʔ̥:Tiu9̥«5&3ǄHń˝$O3NƔǼ4
N+OL9Ǚ̪ɱ9ƩẰɄɁ8ÿC(Ų̛8̉&3ǡ˂&-ɉə:õá4
:7$L8Ǚ̪ƩĂǐºQĲó$*-ĬĊ9ɄɁƽʜǽ5Xy^¶ː
9ĲóQċƽ8ˆÇ&-ɉə:ʲPO37 
2. ̥«8ĎDONʚ˗QǥƐ(Nʚʔ˼ɵƐ9ȴ7N̥«ɄɁQĎFȫÂj
8ÿC(Ų̛813ǡ˂&-ɉə:ʲPO37 
 
+"4Ǎɉə4:·9̺19ɉəˍ̢Q˄Ń&- 
ɉəˍ̢ 1 
œŌê9̮șǴóȢ̥D-:̮ʚʔ̥9ƩĂXy^¶ː5ʜǽ8ÿC(Ų̛ 
 ̮șǴóȢ̥D-:̮ʚʔ̥9ƩĂXy^¶ː9ĲóQ¾ɄɁǥɨ8Ų̛
QÿC(6ǡ˂(N 
 
ɉəˍ̢ 2−1 
ʚʔ˼ɵƐ9ȴ7N̥«Xy^¶ː8ÿC(Ų̛ 
 ̮̩ĕʚʔ˼̥D-:̮Ç ̩ĕʚʔ˼̥9ĎǆȦQ̮G-ˇ̬̥Q̇ȹ&Ʃ
Ă&-ʴ̬ʏ9Xy^¶ː8ÿC(Ų̛Qǡ˂(N 
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ɉəˍ̢ 2−2 
ʚʔ˼ɵƐ9ȴ7N̥«Xy^¶ː5ɄɁQĎFȫÂj8ÿC(Ų̛ 
 ɉəˍ̢ 2−14̇ȹ&-ˇ̬̥9ƩĂXy^¶ːK>ɄɁQĎFȫÂj
8ÿC(Ų̛Qǡ˂(N 
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ɉəˍ̸̢ 
 
1. ɿˀ 
 Ɯ¥ƃir4:ˇ ĊƵ9ƭƵêL̮ɫ˗̥QƩĂ(N"54ƽȺ8ÂÜ9
`cb˕ʮ̀Q̮GNƳǼ̴ `cbtU` ̵ǆñ.5ʎLO3
Mĵ9ɟƕ˹ƔI˴òƉĺň8K03ń˝$O3N&&7LctU
gɽƜI}Yič8ǆñ7̥«ˁȱQɝ3N-G8:̮ șǴóȢ̥9
ƩĂ8K03ū˙"$ON̥ŵ9ȫȩĿȺĲóQǭɋ8ȩʿ(NžʸN 
 ̥«:ɄɁǥɨ8Ų̛Q¡N~uQŎ˓5&-Ôʲɉə4:̮ șǴóȢ̥:ȅ
ɄɁQȊŒ$*̴ Phillips. 1975 ̵ĀŎ8̥«9șǴóȢQȊL("54ȅɄɁ:įï(
N5īĐ$O3N̴Afaghi. 2008 ̵õá7ɄɁQ5N"5:|iaqu9g
uƐîȦIĵ̉ɦux`9ƐʄQč$*N̴Mah. 2011̵-GTiu
8503õá7ɄɁƽ̈5ʨ˗7ɄɁQ5N"5:˾ʸ4Nʧ9±8503H
ɄɁ ˛IȅɄɁ9ȊŒʓȏViƙƘƃ2Ĩɫŕȷ769Ǧ7ȫȀʍƍ
ȷ9i_S_n57N"5ƹL5703N̴Chaput. 2011, Hsieh. 2011, 
Chandola. 2010 ̵ɢʑʒʠ@9`cb˕ʮ9E8ɃȽ(N. 4:7̮ș
ǴóȢ̥ɄɁǥɨ8¡3NŲ̛Qƹɋ8(N"5:TiuK>ir
Ɖĺň9̥«ÜŉQǡ˂(N4žʸ ąǩ4N 
 ɐ9ƒŗ(Nɉə`:Xy^¶ː5ɄɁi±hȿ­̉ÈQƜ1"5
QīĐ&3N̴Katayose. 2009, Kayaba. 2017̵̮șǴóȢ̥I̮ʚ˗̥9ƩĂ
ɄɁ8ÿC(Ų̛Qǡ˂&-Ôʲɉə4:ɄɁƽ9Xy^¶ːQˆÇ&37
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̴Phillips. 1975, Afaghi. 2008, Kohsaka. 2007, Sartorius. 2012 ̵Ƒ9Äȭ(N~
[n:i_Qžʸ5&7̈Ƣȟ̀ȍŃņ4N-Gˬ Š9ɄɁQĻ
!N"57Xy^¶ː5ɄɁƽʜǽQċƽ8ȍŃ(N"54NǍɉə4:
ĳ̥9Ǚ̪ɱɵƐQĲó$*N"58K03ɄɁǊ̈9˼óĪ˗QĲó$*-+&3
~[n5ɄɁ`Qȭ3Xy^¶ː9ĲóɄɁǥɨ
8ÿC(Ų̛Qǡ˂&- 
 
2. ƳǼ 
2-1. ʴ̬ʏ 
 ÐŨ7ʩţȰƃ 10 ČQŎ˓5&-Ŏ˓ʏ8:ĝȝʍƍ9NʏŃǊȺ8Ǉʰ
&3Nʏ:ĎDO370-Ǎɉɉə@9ýï8̑&3ʴ̬ʏ8:«ê8ń̬9
¤ƶÜŉK>˙"MNú̏ƃ813ˌƹ&ʴ ̬ʏǍ±ċƈǃ@9ʉČQ&
-ŵ8ń̬Qńƴ&-ʴ̬ʏ9˟ÂμƃQʳ 2 8Ɍ(  
 
ʳ 2. ʴ̬ʏ9˟Âμƃ 
ţ̲ 
̴Ǯ̵ 
˟̅ 
̴cm̵ 
Â˾ 
̴kg̵ 
ÂʚʔȦ 
(%) 
BMI 
̴kg/m2̵ 
24.6 ± 0.7 173.8 ± 1.0 68.3 ± 2.5 17.2 ± 1.4 22.8 ± 0.7 
̴ŢħÏ ± ǧȑˋŜ̵ 
2-2. ń̬uc 
 Ǎɉə4:~[nQȭXy^¶ː9ȍŃQʲ0-~
[nÜ:ȌŦȎŦŃ8Ê-O3NɄɁ`U9
ʵɃQʲ03N-GɄɁȪĮ@9˸ſǊ̈žʸ4N"9-GKMǭɋ7t
 21 
nQŸN-G8Ǎń̬9ȍŃê8~[nÜ9ȪĮ5ɄɁ
`U9ʵɃ8ƍON"5QȽȺ8ªÑˇ̬Qńƴ&-Ù39ʴ̬ʏ8ˬŠ9Ʉ
ɁŸLO-"5Qɋˉ&-3 ƵL 10 Ƶ9Ǌ̈Qɚ 3Ǎˇ̬9ȍŃQʲ0
- 
  
2-2-1. ªÑˇ̬ 
 ʴ̬ʏ8: 21̿00 8~[n8Ǒņ&3HLŽƛēď˫Ë
Ǩ5ɄɁ`U9ʵɃQʲ0-ʵ Ƀɴ©ŵ~[n8Øņ
&3HLŽƛēď˫ËǨ5ɄɁ`U9òÃɋˉQʲ0-Ǎˇ̬ċǦ9 0̿
00 8ȃα&ʌǉ 8̿00 8ȚαQʲ+9Ǌ̈9Xy^¶ːʜǽQȍŃ&-
Țαƽé·ê8ȽʼG3&D0-ĬĊ8HȚαD4:qv8¹č 9ȤƋ4Ł̗
8˵#(K8ƝɌ&-˙ Ťŵ8:ʴ̬ʏ8¤ʽȺɄɁ8ě̢70-Qɋˉ&
õá7ɄɁ9ĂO-ʴ̬ʏ9EǍˇ̬8ýï&3HL0- 
 
2-2-2. Ǎˇ̬ 
 Ǎˇ̬êƵQ Day1ůƵQ Day2ʌƵQ Day35&-ʴ̬ʏ: Day19 23̿008
T_±U`(V_x ZP Ĩ)QʵɃ&0̿00 L 1̿00 9̈8œŌ& 7̿00
L 8̿009̈8˙Ť&-Day29 8̿00L 9̿009̈8ǉ̥Q12̿00L 13̿
00 9̈8Ƽ̥QƩĂ&-Day2 8:ƥÆ&-ʺŃ̥Ǵ̱ʪ·Ĵ9̧̥:ɏǬ&
˴òƼŌHɏǬ5&-19̿308ʴ̬ʏ:ɉəņ8Ǒɉ&˟ÂȍŃ(Â˾˟̅
ÂʚʔȦʱĥÂȌ)QʲÂˎȴŠ7ɋˉ&-20̿008ˇ̬̥QƩĂ&
œŌȑÑQȉD* 21̿30 LŽƛēď˫ËǨ5ɄɁ`U9ʵɃQ̇ļ&-
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ʵɃɴ©ŵ~[n8Øņ&3HLŽƛēď˫ËǨ5ɄɁ
`U9òÃɋˉQʲ0-23̿40 L 15 á̈9¹ʡÀŁ̗ƽ¶ːQȍŃ&0̿
008ȃα&-Day39 8̿008ȚαQʲ+9Ǌ̈(0:00L 8:00D49 8ƽ̈)9X
y^¶ːʜǽQȍŃ&-Țαƽé·ê8ȽʼG3&D0-ĬĊ8HȚαD4
:qv8¹č 8703˵#&-8̿ 05L 15á̈9¹ʡÀŁ̗ƽ¶ːQȍŃ&
ÙŕQơĂ& 8̿358˪ņ5&Ù39ȍŃQɴ©5&-˃ˇʲQ̮ʚʔ̥D-:
̮șǴóȢ̥5&3 2ˇʲo7̞ȳ8ʲ0-ǉƼ9ʺŃ̥5ˇ̬̥9Üŉ
:·8˃ˣ&-(ʳ 3 4) 
ʳ 3. Day29ʺŃ̥ 
 Xy^(kcal) -R<˗̴g̵ ʚ˗̴g̵ șǴóȢ̴g̵ 
ǉ̥ 842.8 ± 124.0 28.8 ± 4.9 17.9 ± 5.6 130.5 ± 15.3 
Ƽ̥ 842.8 ± 118.9 32.4 ± 3.8 21.9 ± 23.6 126.2 ± 7.0 
̴ŢħÏ ± ǧȑˋŜ̵ 
ʳ 4. Day29ĳ̴̥ˇ̵̬̥ 
 ̮șǴóȢ̥ˇʲ ̮ʚʔ̥ˇʲ 
 Xy
^ 
-R 
<˗ 
ʚ˗ șǴ
óȢ 
Xy
^ 
-R 
<˗ 
ʚ˗ șǴ
óȢ 
 (kcal) (g) (g) (g) (kcal) (g) (g) (g) 
#̦ 453 6.3 1.2 104.1     
} 158 4.8 2.2 29.8 163 5.1 9.3 14.7 
ƻ̔ 98 1.9 0.6 21.3     
_q[     30 0.8 1.3 3.6 
¨ʶĖ 88 6.2 5.0 4.3 577 13.5 56.1 4.4 
Ċˁ 798 19.2 9.0 159.5 770 19.4 66.7 22.7 
         
PFCǲȦ(%)  10 10 80  10 78 12 
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2-3. ȍŃ̝Ƚ 
2-3-1. ~[n813 
 ~[n(ŋıôɑȬǢFHC-15S):ʴ ̬ʏŊ̆$O-˻Ŗ̴ 2.00 
	 3.45 	 2.10 m 8̵ȓĦ(N"54Xy^ȃ˖̀Q˯ɼȺ8ȍŃ(NƳǼ4
NƵŠȫȀ8˨ȪĮ49ȍŃQąʙ8(N-GuVǿ̙Ć±qv
ǎǠĽ76QÑµ 3ND-uqvIʣˡˠXdnQƜ/˧F
"5Hąʙ4NŷǑ9o`i|q`8KNƳǼ5:˷˟ Â8μæ7ǨĞQĂ
Mµ )̥ «IɄɁ˴ ò768KNXy^ȃ˖̀IXy^Ī˗9˼ó̀Q
24ƽ̈N:+O·9̅ƽ̈8P-03ȍŃ4N"5Ǆķ9μż4N 
 +9³ɵE:˼ɱƩẰ(V
̷
O2)5¬˼óșɱƠà̀(V
̷
CO2)K>ŕ£ɛɱƠǺ(N
̷
)
LXy^ȃ˖̀QƣŃ(N̈Ƣȟ̀ȍŃ4NņÜ:ǳȌ 25°CȎŦ 55%8
èŹ$O3NŠ8Ń̀9Ʋ̰7ĴǳÆɸ$O3MĴ˻LĂMØOLO-
ɚǳņÜ4õá8ȆĊ$O-ŵƠǳĄ8ďū$ONņÜL9Ơǳȁ̀9ˁȍ
ȌŦȎŦǳĥ9ˁȍQʲ˗̀áǓˁ8K03˼ɱȖŦ5¬˼óșɱȖŦˁȍ
$ON 
 ~[nQȭ3˼ɱȖŦK>¬˼óșɱȖŦĲóQ˃̂&
Deconvolution Ǽ(Tokuyama. 2009)Qȭ3ʴ̬ʏ 1áǱ9V
̷
O2K>V
̷
CO2Qɤà&-
ŸLO- V
̷
O25 V
̷
CO2ŕ£ɛɱƠǺ̀(N
̷
)8KM·9ŪLķǙ̪ɱ9˼ó̀
QƣŃ&-(Ferrannini. 1988)  
 
Ū	̿șǴóȢ˼ó̀(kcal/min) = 4.55 × V
̷
CO2 (l/min) – 3.21 × V
̷
O2 (l/min) – 2.87 × 
N
̷
(g/min) × 3.74 
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Ū
̿ʚ˗˼ó̀(kcal/min) = 1.67 × V
̷
O2 (l/min) – 1.67 × V
̷
CO2 (l/min) – 1.92 × N
̷
 (g/min) × 
9.5 
Ū̿-R<˗ȴó̀(kcal/min) = N
̷
 (g/min) × 25.625 
Ū̿Xy^ȃ˖̀(kcal)̀șǴóȢ˼ó̀(kcal/min) + ʚ˗˼ó̀(kcal/min) + -
R<˗ȴó̀(kcal/min) 
 
2-3-2. ~[n9ɪŦǡ˅813 
 Äȭ(N˗̀áǓˁ8 4ɗ̤9ǚǭ\i(ǚǭ\i 1 CO2: 5.11%, 13CO2: 0.0573%, Ar: 
balanceǚǭ\i 2 O2: 15.03%, CO2: 5.10%, Ar: 1.004%, 13CO2: 0.0572%, N2: balanceǚ
ǭ\i 3 O2: 21.05%, CO2: 0.0329%, Ar: 0.932%, N2: balanceǚǭ\i 4 He)8KNƊŦ
ǚǭQńƴ&3Äȭ&-TdjQȭ-Xy^¶ː9ȍŃɪŦQˆÇ(N
-GTcȠȜˇ̬Qńƴ&-p|Ü˻8ɵƐåƹ&3NTc
(Xnz:99.5%nz:0.02% ]goóĿ)Qȏ-&-Tc
Q̕Ľĸɓ8¦*Ü˻9ɚǳQĴ˻9ɚǳ5ʥ$*N-Gƾ·ƓQ̆G3
Tc8Țȗ(N̑8ņÜ9˼ɱK>¬˼óșɱȖŦQĲó$*7K
ɱƷǣíēďQ&7KȲƈ&3ʲ7TcQŃƽ̈ȠȜ$
*+9̈9˾̀ĲóQ˃̂(N"54ȠȜ&-Tc9̀Qˁȍ&-ȠȜ&-
Tc9˾̀5 1mol9XnzK>nzłÙȠȜ(N̑8žʸ7˼
ɱȫ'N¬˼óșɱQ·9ȠȜĀſŪL+O,OȬà&ĊˁQȩˏÏ5&- 
 
XnzȯǑ9˼ɱȃ˖̀K>¬˼óșɱȬȫ̀ 
Xnz9ȠȜĀſŪ(C2H5OH + 3O2 → 2CO2 + 3H2O)LXnz 1mol9ȠȜ
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8Ŏ&3 3mol9˼ɱȃ˖$O2mol9¬˼óșɱȬȫ$ONXnz9áĽ
̀ 464N"5ǧȑȤƋ9ǳÂ9Âɘ 1mol-M 22.4L4N"5L·9
Ū8K03˼ɱȃ˖̀5¬˼óșɱȬȫ̀Qɤà&- 
˼ɱȃ˖̀ : ȠȜ&-Tc˾̀ × 0.995/46 × 3mol × 22.4L ¬˼óșɱȬȫ̀: 
ȠȜ&-Tc˾̀ × 0.995/46 × 2mol × 22.4L 
 
nzȯǑ9˼ɱȃ˖̀K>¬˼óșɱȬȫ̀ 
nz9ȠȜĀſŪ(2CH3OH + 3O2 → 2CO2 + 4H2O)Lnz 1mol9ȠȜ
8Ŏ&3 1.5mol9˼ɱȃ˖$O1mol9¬˼óșɱȬȫ$ONnz9á
Ľ̀ 324N"5ǧȑȤƋ9ǳÂ9Âɘ 1mol-M 22.4L4N"5L·
9Ū8K03˼ɱȃ˖̀5¬˼óșɱȬȫ̀Qɤà&- 
˼ɱȃ˖̀ : ȠȜ&-Tc˾̀ × 0.0002/32 × 1.5mol × 22.4 L ¬˼óșɱȬȫ
̀: ȠȜ&-Tc˾̀ × 0.0002/32 × 1mol × 22.4 L 
·9Ɣ̞4ŸLO-ȩˏÏ5 Henning9Tdj4ɤà&-ńȍÏL˼ ɱȃ
˖̀¬˼óșɱȬȫ̀K>ēďĚ9ĠāȦ(ńȍÏ/ȩˏÏ × 100)QǵGN"54ɪ
Ŧǡ˅Qʲ70-+9ɷǕĠāȦ: 98~102%9ɧģÜ4N"5Qɋˉ&- 
 
2-3-3. ɄɁǥɨ5ʜǽ9đǽƭʿǓ 
 ɄɁQŅʽȺ8ˆÇ(NƳǼ5&3:ɄɁ`U(PSG)ǡǘMɄɁô
Ŀ9ʢŤIɄɁń̬ɉə83ǄHǧȑȺ8ʲPO3NɄɁƽ9ʜǽ:Ƃ˭ɂ
Ȩ˴ò(REM: rapid eye movement)ELONREMɄɁ5NREMɄɁ8á LONREM
ɄɁ:$L8 stage 1stage 2stage 3̴ ȅɄɁ 8̵á LONR&KǼ(Rechtschaffen. 1968)
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8Ī2-ɄɁǰ̐åŃĪȑ (Hori. 2001) 8KN5stage 14:ɂȨ˴òʁŶ4M
ʜǽ:ʼ˽̆ɂƽ8ELO-đǊȺ7TSȀò8¶PMÁ̕À9Ǧ7đǽƭ
ȆĦ&-ʜǽȀò(low voltage mixed frequency: LVMF)ʗƿǽQǥƐ(NK87N
̴Ĥ 3 ̵TSǽ9ùGNìĊ 1 Xq_(30 ɒ)9 50%ǋȏ87N5 stage 15
åŃ$ONStage 24:ɂȨ˴òȃĹ&LVMF Ȁò8ɄɁɲ́ǽI KʷĊȆ
Ø(NŶǽɄɁ: ̮Ɵš7tnǽ¤ȁ87N9μż4ɁMȅȤƋ4N
ɄɁ`UǡǘQńƴ&ʜǽ(C3/A2, C4/A1, O1/A2, O2/A1)5ɂ̕Ĥ̡ ɢ̕Ĥ
QȍŃ&-ǨĞ: Alice5 (Philips Respironics, Tokyo, Japan)QÄȭ&-ɄɁǰ̐:
6/L9ˇʲɆL$O37ƕŝ8KMR&K Ǽ8Ī23ʻōåŃʲ7PO
-D-ŸLO-tn: 5ɒ#58áì&ĉƽɬãLȾʀƐáQ̎{x
`ɜ̉ƭQů3:Gtn9ŢȒóQʲ70-9/đǽƭáʿʙ: 0.2Hz4i_u
ʿǓQʲ30ɒ#59Ţħi_uQˁɤ&-(Zhang. 2008)đǽƭ̠ĩ:t
n}(0.75-4.00Hz)5&2 ˇʲ̈4ǲˢ&-tnǽ:ȅɄɁ9Ǌ̈8àȧ&ǭ
ŠƐ±9̆ɂŁ̗ƽʜǽ8:B5R6àȧ&75μżN̴ ķȞ. 1991 -̵G
ɄɁ9ȅ$QŅʽȺ8ˆÇ(N-G8ʿǓ&- 
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Ĥ 3. ĉi±h9ɄɁʜǽ̴˿Ȯ. 2008̵ 
2-3-4. ŽƛƭK>ʣŴɎɶȀò 
 ~[nØņê8Žƛēď˫ËǨ(FUKUDA ̕ĽǛŪ¼ɍǒ°)
QʵɃ$*-ȍŃtn:ƅʏȻʻȭʵʈ(FUKUDA ̕ĽǛŪ¼ɍǒ°)8˫Ë
}mwcn8ˡ˫&-ˡ ˫$O-tn:ŽƛJLTnV
ʿǓgi±Mem Calc/Tawara(ǛŪ¼ɍhXXiǒ°)8KMʿǓ&-Ǎ ȍ
Ńʵʈ4:Žƛƭ5ċƽ8ʣŴɎɶ9Ȁò9Ɲǧ5&3 LFHF ÏQŸ-LF Ï:
0.004L 0.15Hz9ċǽƭŞ9}i_u9"54N"9Ï:¯ ƊɎɶ5
ë¯ƊɎɶ9¢Ƴ9ȀòQĀƺ(N5ˀPO3NLFđǽƭŞ: 1/1000ɒ9 2 ¦4
ˁɤ$ONHFÏ: 0.15L 4Hz9đǽŞ9}i_u9"54N"9Ï
:ë¯ƊɎɶ9ȀòQĀƺ(N5ˀPO3NHFŞ: 1/1000ɒ9 2¦4ˁɤ$O
NLF/HF: LF5 HF9}9ǲȦ9"54"9Ï:¯ƊɎɶ5ë¯ƊɎɶ9Ȁ
ò9ÙÂ9|iQʳ(ƭÏ̮5¯ƊɎɶ9Ȁò9ÓÀQÁĬĊ:ë¯Ɗ
Ɏɶ9Ȁò9ÓÀQɌ("5L¯ƊɎɶ9Ȁò9Ɲǧ5&3ȭLO3N 
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235. Ȁò̀ 
 ʴ̬ʏ: Day1 9œŌêL Day3 8~[nL˪ņ(ND4
̘çʞ8T_p`QʵɃ&˟ÂȀò̀Q˃̂&- 
 
2-4. ɹˁßȩ 
 ĉȍŃ̝Ƚ9Ï:μ˃7ĬĊŢħÏ±ǧȑˋŜ(Mean ± SEM)4Ɍ&- 
ɹˁßȩ8: SPSS(SPSS Ver19XiXiXiǛŪ¼ɍǒ°)Qȭ-Ǎɉə
4:ȃαQ 0:005&ȚαQ 8:005&-+9-G0:00L 8:00D49 480áQɄ
ɁÙÂ5ʳ˃(ND-ɄɁđǊǱ8ɠđǊD49ʿǓQʲ0- 
 ɄɁÙÂ9ǡŃ:Ŏſ9N tǡŃ8KMǲˢǡ˂&-ɄɁđǊǱ9ǡŃ:ǐº
(̮ʚʔ̥D-:̮șǴóȢ̥)ƽ̈(ɠđǊɠ¬đǊɠđǊ)Qʸġ5&̹
ʸġ9áƬáǓ(Two-way analysis of variation; ANOVA)Qȭ¯­Ãȭ̴ǐº×ƽ̵̈
K>¤ñǕ9ǆțQǡŃ&-ANOVA8KM¯­ÃȭD-:¤ñǕˉGLO-Ĭ
Ċ8:Bonferroni 9ƳǼQȭĵ˾ǲˢǡŃQʲ0-ǆƈŜ9ǡŃ8:ú̏Ȧ 5%
ǋȏQơȭ&- 
 
3. ɷǕ 
3−1. ɄɁ£Xy^¶ː9ɶƽĲóK>ɄɁi±h 
 ɄɁ£Xy^¶ː9ɶƽĲóK>ɄɁi±h9ɷǕ5&3̸ÅQĤ 4 8Ɍ
&-Xy^ȃ˖̀:̮șǴóȢ̥ˇʲ: 463kcal/480 á̮ʚʔ̥ˇʲ:
463kcal/480 á4Mċɡ9Ï570-&&7LɄɁ£9˼óĪ˗:ĳ̥9
Ǚ̪ɱɵƐ9Ų̛Qă ķ7ŜȴQɌ&-̮ ʚʔ̥ˇʲ5ǲˢ&̮șǴóȢ̥ˇʲ
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83șǴóȢ˼ó̀:̮ÏQɌ&ʚ˗˼ó̀:ÁÏQɌ&-+9˼óĪ˗9Ŝ
ȴ:μ8ɄɁ9ê÷8ƹɋ8ʽō$O-ØɁŵǄä9ɄɁi±h̹àȧ&3
L REMɄɁ9ɴ©D4QɄɁđǊ5&"9Å4:ɄɁǊ̈£8ɠğđǊD4àȧ
&-ɄɁǊ̈ÙÂ9ȅɄɁàȧƽ̈:̮șǴóȢ̥ˇʲ: 35.5 á̮ʚʔ̥ˇʲ
: 35.0á4M̹ˇʲ̈4ċɡ9Ï40- 
 
 
Ĥ 4. Xy^¶ːtn}K>ɄɁi±h9ɶƽĲó 
̮șǴóȢ̥ˇʲ̴śĤ ̵̮ʚʔ̥ˇʲ̴ćĤ̵ 
̴̿Xy^ȃ˖̀̿șǴóȢ˼ó̀̿ʚ˗˼ó̵̀ 
 
3−2. ɄɁǥɨ 
 ɄɁǥɨ9ĉ}nQʳ 58Ɍ&-ɄɁƽÙÂ4ˆÇ&-ĬĊ8:2ˇʲ̈
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9ĉ}n8ǆƈ7Ŝ:ʽō$O70-ɄɁđǊ#58ˆÇ&-ĬĊ8:̮
ʚʔ̥ˇʲ5ǲˢ&̮șǴóȢ̥ˇʲ83ɄɁɠđǊ9ȅɄɁàȧƽ̈ǆƈ
8ȊŒ&-̴P<0.05̵̴ Ĥ 5 ̵ɄɁɠğđǊ8:ȅɄɁ:àȧ&70--Gtn
9˃ˣ:7 
 đǽƭʿǓ8̉&3HɄɁđǊ#58ˆÇ&-ĬĊ8:̮ ʚʔ̥ˇʲ5ǲˢ&̮ș
ǴóȢ̥ˇʲ83ɄɁɠđǊ9tn}:ǆƈ8ȊŒ&-̴ ̮șǴóȢ̥ˇ
ʲ 4̿10569  48059 V2̮ ʚʔ̥ˇʲ 5̿53152  75790 V2P<0.05 ̵ɠ¬
ɠđǊ8Ŝ:ʽō$O70- 
 
ʳ 5. ɄɁÙÂ9ĉ}n 
 ̮ʚʔ̥ˇʲ(á) ̮șǴóȢ̥ˇʲ(á) Pvalue 
ɾʡŤƽ̈ 480     480      
ɾɄɁƽ̈ 454.4 ± 2.1 447.3 ± 5.8 0.155 
Wake 20.1 ± 1.9 29.8 ± 8.7 0.314 
REM 81.3 ± 8.9 87.2 ± 5.6 0.545 
i±h̸ 61.3 ± 5.8 74.4 ± 24.7 0.607 
i±h̹ 290.5 ± 8.3 261.4 ± 29.9 0.265 
i±h̺ 20.4 ± 5.7 17.3 ± 6.7 0.450 
ɄɁȕƽ 5.1 ± 0.9 11.7 ± 5.5 0.236 
ɄɁñȦ(%) 94.6 ± 0.4 93.3 ± 1.4 0.142 
̴ŢħÏ  ǧȑˋŜ̵ 
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Ĥ 5. ɄɁđǊǱ9 REMɄɁ̴śĤ ̵K>ȅɄɁàȧƽ̴̈ćĤ̵ 
̴̮̿șǴóȢ̥ˇʲ̮̿ʚʔ̥ˇʲ *̿P<0.05̵ 
 
3−3. ɄɁƽXy^¶ː 
 ɄɁǊ̈8 NXy^¶ː9ɶƽĲóQĤ 68Ɍ&-̮ ʚʔ̥ˇʲ5ǲˢ&
̮șǴóȢ̥ˇʲ:ɄɁǊ̈ÙÂ8 NșǴóȢ˼ó̀ǆƈ8̮ÏQɌ&̴ ̮șǴ
óȢ̥ˇʲ̿265  20 kcal/480á̮ʚʔ̥ˇʲ̿167  22 kcal/480áP<0.05 ̵
ʚ˗˼ó̀ǆƈ8ÁÏQɌ&-̴̮șǴóȢ̥ˇʲ̿158  22 kcal/480á̮ʚʔ
̥ˇʲ̿269  13 kcal/480áP<0.05 ̵ƳXy^ȃ˖̀: 2ˇʲ̈8ǆƈ7
Ŝ:ʽō$O70-̴̮șǴóȢ̥ˇʲ̿514  18 kcal/480á̮ʚʔ̥ˇʲ̿522 
 21 kcal/480áNS ̵ 
 ɄɁđǊ#58̹ˇʲ9Xy^¶ːQˆÇ&-ĬĊ8:˼ óĪ˗9ǆƈ7Ŝȴ
:ɄɁɠđǊK>ɠ¬đǊ49Eʽō$O-̴Ĥ 7 ̵ 
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Ĥ 6. ɄɁƽXy^¶ː9ɶƽĲó 
̮șǴóȢˇʲ̴śĤ ̵̮ʚʔ̥ˇʲ̴ćĤ̵ 
̴̿Xy^ȃ˖̀̿șǴóȢ˼ó̀̿ʚ˗˼ó̵̀ 
 
 
 
Ĥ 7. ɄɁđǊǱ9Xy^¶ː 
̴̮̿șǴóȢ̥ˇʲ̮̿ʚʔ̥ˇʲ *̿P<0.05**̿P<0.01***̿P<0.001  ̵
 
3−4. ɄɁǊ̈8 NʣŴɎɶȀò 
 ɄɁǊ̈ÙÂ8 N¯ƊɎɶȀò:̹ ˇʲ̈8ǆƈ7Ŝ:ʽō$O70-̴ ̮
șǴóȢ̥ˇʲ̿ 2.92 ± 0.34 ̮ʚʔ̥ˇʲ̿2.75 ± 0.24 /480áN.S ̵D-ë¯
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ƊɎɶȀòHċǦ8̹ˇʲ̈8ǆƈ7Ŝ:ʽō$O70-̴ ̮șǴóȢ̥ˇʲ  ̿ 850 
± 159 ̮ʚʔ̥ˇʲ̿896 ± 188 /480áN.S ̵ɄɁđǊ#58ˆÇ&-ĬĊ8H
ʣŴɎɶȀò8:̹ˇʲ̈9ǆƈ7Ŝ:ʽō$O70- 
 
3−5. ˇ̬ůƵ9˟ÂȀò 
 Day1L Day28 39ɄɁƽ̈:̹ ˇʲ̈8ǆƈ7Ŝ:ʽō$O70-̴ ̮
șǴóȢ̥ˇʲ̿ 440.5 ± 16.0 á̮ʚʔ̥ˇʲ̿428.5 ± 16.0 áN.S ̵D-Day2
9 6:00L 24:009̈9˟ÂȀò̴̮șǴóȢ̥ˇʲ̿ 157.0 ± 12.2 counts/á̮ʚʔ
̥ˇʲ̿155.2 ± 8.6 counts/áN.S ̵K>ɄɁǊ̈9˟ÂȀò̴̮șǴóȢ̥ˇʲ  ̿
12.3 ± 2.4 counts/á̮ʚʔ̥ˇʲ̿11.2 ± 1.5 counts/áN.S̵8ǆƈ7Ŝ:ʽō$O7
0- 
 
4. ʎō 
 Ǎɉə9¤-NɆʹ:ĳ̥49̮ʚʔ̥ƩĂ5ǲˢ&̮șǴóȢ̥ƩĂ8KMɄ
Ɂ9ɠđǊ83àȧ(NȅɄɁȊŒ&-"54N$L8Xy^¶ː8̉&
3:̮ ʚʔ̥ƩĂ5ǲˢ&̮șǴóȢ̥ƩĂ8KMɄɁ9ɠđǊɠ¬đǊ9șǴ
óȢ˼ó̀įï&ʚ˗˼ó̀Á&- 
 ĳ̥9Ǚ̪ɱɵƐ9ŜȴÿC(ɄɁ@9Ų̛:Ǎɉə83:ɄɁɠđǊ4
9Eʽō$O-Phillipsɡ:ÁșǴóȢ̥ (-R<˗̿ʚ˗̿șǴóȢ=10:77:13)
5ǲˢ&̮șǴóȢ(-R<˗̿ʚ˗̿șǴóȢ=10:10:80)ɄɁǊ̈ÙÂ9ȅɄɁQ
ȊŒ$*N"5Q 1975ţ8īĐ&-̴Phillips. 1975 ̵"9ń̬4ʴ̬ʏƩĂ&-̥
«:Ǎɉə4ơȭ&-̥«5ċɡ9Ǚ̪ɱɵƐ4Nĳ̥9E9²Ø4NǍɉ
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ə5ȴ7M̹Ƶ̈˯ɼ9̥«²ØQʲ03-Ǎɉə59ɷǕ9Ŝȴ:̥ «²ØǊ
̈9˷8KN5H94NʎLONĳ̥9E9²Ø403HØɁäǊ9ɄɁ
ǥɨ8Ų̛Q¡N"5Ɍ$O- 
 ɐ9ƒŗ(Nɉə`:·ê8șǴóȢ˼ó̀ɄɁi±hK03ȴ7N"
5QīĐ&3N̴Katayose. 2009, Kayaba. 2017 ̵ÛÂȺ8:REMɄɁi±h
̸K>̹ȅɄɁ9̞4șǴóȢ˼ó̀:ķșǴóȢ˼ó̀5ɄɁi±h5
9̈9ȿ­̉È:ȧĦD4ƹɋ87037̮ șǴóȢ̥ƩĂ8KNșǴóȢ˼
ó̀9įķȅɄɁ9àȧQƖè&3NąʙƃN"9¸ˌ5ʥ&3ˬŠ
̴̥-R<˗̿ʚ˗̿șǴóȢ=15.5:12.5:72̵5ǲˢ&3șǴóȢ9Xy^ǲȦ
Q 1̳5&-˚ÁșǴóȢ̥(-R<˗̿ʚ˗̿șǴóȢ=38:61:1)9ƩĂȅɄɁQ
įï$*-5īĐHN̴Afaghi. 2008 ̵Ƴ4ʚ˗˼ó̀įķ&-"58K
03ȅɄɁ9àȧÉ˱$O-5ʎƳHNJenkins ɡ:̮ʚʔ9̥̫QƩĂ
$*N"54ʓȏó&3Wi9ɄɁQȍŃ&-̴Jenkins. 2006 ̵+9ɷǕȅɄ
Ɂ9įï:Â˾9įķ5ǆƈ7ȿ̉QɌ&-&&7L̮ ʚʔ9ɸ̫ȅɄɁQ
įï$*NñǕ:ʓȏˊȹ$ONKMHÔ8ʽō$O3MWi9Â˾įïKM
Hʚ˗˼ó̀9įķ5ȅɄɁ5̉˯0-ąʙƃʎō$O3N\pWD-
:~uQŎ˓5&-ń̬4HƱ̥8K03Xy^Ī˗șǴóȢLʚ˗8ɕʲ
&-ĬĊ8ȅɄɁHįï&3-̴Dewasmes. 1984 ̵˼óĪ˗5ɄɁǥɨ59ȿ­
̉È:D.õá8ƹL57037̮ ʚʔ̥9ƩĂ8K03įï(NauÂ
8:ȅɄɁQįï$*NÒN5īĐ$O3N̴Chikahisa. 2008̵-Gʚ˗˼
ó̀9įķɄɁˎɦ9˾ʸ7ʸġ5703N9H&O7 
 [tU`QȽȺ5&-̮șǴóȢ̥:Tiu9̥«ƔǼ5&3ǄH
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¤ȁ7H94N&&7L̮ șǴóȢ̥QƩĂ&-ŵ9ɄɁǥɨ@9Ų̛8̉
(NɆʹ:B5R6īĐ$O37ɠđǊ9ȅɄɁ9ȊŒ:ɄɁÙÂ9˗9Á
817M˴ ò}YiK>ʣŴɎɶɬ×ȵɬK>Ɓʎʙí76˴ò
8ȾƢ̉˯(Nĵ9ȫÂǨʙQÁ$*N̴Mah. 2011, Cook. 2012, Oliver. 2009, 
Fullagar. 2015̵-Gǣɞ7̮șǴóȢQˇĊêƵIux`Ǌ̈9ĳ̥8ƩĂ(
N̑8:ɄɁ@9Ų̛QʎƎ(N̥«ˁȱQɝ3N"5žʸ4N 
 
5. ɷˏ 
 ĳ̥49̮șǴóȢ̥ƩĂ:̮ ʚʔ̥ƩĂ5ǲˢ&ɄɁ£9șǴóȢ˼ó̀Qįï
$*ʚ˗˼ó̀QÁ$*N+&3ØɁäǊ9ȅɄɁQȊŒ$*NǍɉəɷǕ
KMˇĊêIux`Ǌ̈9ĳ̥49̮șǴóȢ̥ƩĂ:ĝ̥ʏ9ɄɁ9˗QÁ
$*3NąʙƃɌ$O- 
  
 36 
ɉəˍ̢ 2−1 
1. ɿˀ 
 ɉəˍ̢ 19ɷǕL̮ șǴóȢ̥9ƩĂ:ɄɁ9˗QÁ$*NąʙƃɌę$
O-̮ șǴóȢ̥QƩĂ(N[tU`:Tiu9ǄH¤ȁ7̥«ƔǼ
4N5$ONƳ4̮ʚʔ̥QƩĂ(N"54ʚ˗¶ːQ®˱$*NSqu
tU` 5ƔǼHN˨ţSqutU`9ǆñƃQɌ(ɾˌȹ
ʳ$O̮ ʚʔ̥8K03}Yič(NąʙƃQɌ(ɷǕīĐ$O3
N̴Burke. 2015, Miller. 1984 ̵̥«4ƩĂ&-ʚ˗QXy^5&3ñȦȺ8çȭ4
NK87Nfat adaptation9ȤƋ8˶(N-G8:ƭ×ǅ9˸ſǊ̈žʸ4
N5$O3N-G̴Volek. 2016, Hawley. 2011 ̵̮ʚʔ̥9ñǕQȀȭ(N-G8
:£̅Ǌ̈8ȋN̥«²Øžʸ57N 
 ̥«8ĎDONʚ˗9¤Ɛá4Nʚʔ˼:ǥˮ9˷8KM̩ĕʚʔ˼5 
̩ĕʚʔ˼9 2ɗ̤8á̤$ONʧȺ8̩ĕʚʔ˼9˒ŋ7̥«5ǲˢ&Ç
 ̩ĕʚʔ˼IĵÇ ̩ĕʚʔ˼9˒ŋ7̥«QƩĂ(N"54ÂʚʔȊŒ&ʱɫ
Ï9ƸQƖè(N"54N5īĐ$O3N̴ Gillingham. 2011, Simopoulos. 2016, 
Hashimoto. 2017 ̵˨ţ4:ˬŠ̥̩ĕʚʔ˼̥Ç ̩ĕʚʔ˼̥4̨ʕ&-
Wi:Ʃ̥jIɄɁ−ʼ˽j8Ŝȴʽō$ON"5áM̮̩ĕʚ
ʔ˼̥ʊ83ƹǊ9 NREM ɄɁȊŒ&ǀǊ9ʼ˽ȊŒ(N5īĐ$O-
̴Sartorius. 2012 ̵"9īĐ:ƩĂ(Nʚʔ˼9ɗ̤8K03ȫÂjŲ̛Qă
 NąʙƃQɌ&- 
 Fat adaptation KN˴ò}YičIctUgɽƜ9ñǕQǄķ̌8
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ȹƧ(N-G8:ƩĂ(N̮ʚʔ̥8ĎDONʚʔ˼9ɗ̤9ŜȴXy^¶ː
IȫÂj8ÿC(Ų̛Qƹɋ8(NžʸNμŃ9ɗ̤9ʚʔ˼QƩĂ$*N
-G8Ǎɉə4:ő̱ɩ8ȴ7NǸʚ̴̮̩ĕʚʔ˼D-:̮ ̩ĕʚʔ˼̵QʂM
"R4Ȝ!-ˇ̬̥Q̇ȹ&-ɉəˍ̢ 2−14:+9ˇ̬̥Qȭ3ʚʔ˼ɵ
Ɛ9ȴ7N̥«Xy^¶ː8ÿC(Ų̛Qǡ˂&- 
 
2. ƳǼ 
2−1. ʴ̬ʏ 
 ÐŨ7ʩţȰƃ 10 ČQŎ˓5&-Ŏ˓ʏ8:ĝȝʍƍ9NʏŃǊȺ8Ǉʰ
&3Nʏ:ĎDO370-Ǎɉɉə@9ýï8̑&3ʴ̬ʏ8:«ê8ń̬9
¤ƶÜŉK>˙"MNú̏ƃ813ˌƹ&ʴ ̬ʏǍ±ċƈǃ@9ʉČQ&
-ŵ8ń̬Qńƴ&-ʴ̬ʏ9˟ÂμƃQʳ 68Ɍ(  
 
ʳ 6. ʴ̬ʏ9˟Âμƃ 
ţ̴̲Ǯ̵ ˟̴̅cm̵ Â˾̴kg̵ ÂʚʔȦ(%) BMI̴kg/m2̵ 
25.3 ± 1.0 171.7 ± 1.6 67.2 ± 3.6 16.3 ± 1.7 22.7 ± 0.9 
̴ŢħÏ ± ǧȑˋŜ̵ 
2-2. Ǎń̬uc 
 Ǎń̬:ʴ ̬ʏ̸±̹ˇʲQʲg`Vv_iZ|tfV
4ńƴ&-Ǎˇ̬êƵQ Day1ůƵQ Day2ʌƵQ Day3 5&-ʴ̬ʏ: Day1
9˙Ťƽ̴7:008:00 9̵̈8T_p`(V_x ZP Ĩ)QʵɃ&-21̿00
8ɉəņ8Ǒɉ&˟ÂȍŃ(Â˾˟̅ÂʚʔȦʱĥÂȌ)QʲÂˎȴŠ7
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ɋˉ&-Žƛēď˫ËǨ9ʵɃȅ˻ÂȌˁQʵɃ& 22:008~[
n8Øņ22:40LœŌȑÑQƮ 23:008ȃα&-Day29 7:008ȚαQʲ
uVQȉD*+9ŵ:ŧÀŁ̗5&-8:0012:3019:008̥«QƩĂ&22:45
LœŌȑÑQȉD* 23:008ȃα&-Day39 7:008Țα&ÙŕQơĂ7:308
˪ņ&-Day3 9 7:30 ˪àŵÙ39ȍŃQɴ©5&Day2 9 7:00 L Day3 9 7:00
D424 ƽ̈QɷǕ5&3ơȭ&-˃ˇʲQ̮̩ĕʚʔ˼̥D-:̮ ̩ĕʚʔ
̥5&3ȭ3o7̞ȳ8ʲ0-  
 
2−3. ̥« 
 ʴ̬ʏ8: Day19ǉ̥L Day29ĳ̥D4ˁ̻̥ƥÆ$ODay1:ʣŀDay2
:~[nÜ4ƩĂ&-̥«̀:ƵǍ±9̥«ƩĂĪȑ̴2015 ţ
ȡ̵QH58˟ÂȀòQ Day1̿1.75Day2̿1.30 5&3Ƶ9̥«̀Qɤà
&+OQ̺áì&3̸̥9̀QǶŃ&-Day19ʺŃ̥9ŢħXy^̀: 2625 
± 132 kcal/DayXy^̀8Ŏ(N̺ķǙ̪ɱXy^ǲȦ:-R<˗ 15%
ʚ˗ 24%șǴóȢ 64%40- 
 Day28ƩĂ&-ˇ̬̥4:Ǹʚ9ǏưQ}Ǹ̴̮̩ĕʚʔ˼ ̵D-:V
gvǸ̴̮ ̩ĕʚʔ˼̵5&-UQ¤̥5&3ƩĂ&-"9U9ˎ
ȩƳǼ:}ǸD-:VgvǸ̴8g̵Qő̱ɩ8ʂM"Eû(11g)Ɉɫ
̴3g ̵Ǵ̴8g̵Qï1808ïȟ&-Z4ɮ 25 áȜ"54ÃƐ&-̴Ĥ
8 ̵̸Ìů-M9Xy^̀K>̺ķǙ̪ɱ9̀:ċɡ4MĴʽIĒ8μæ
7˷:7ʴ ̬ʏ:"9U8ï3¤ʬëʬQɵEĊP*3ˇ̬̥5&-
Day29ˇ̬̥9ŢħXy^̀: 2085 ± 101 kcal/dayXy^̀8Ŏ(N̺ķǙ
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̪ɱXy^ǲȦ:-R<˗ 15%ʚ˗ 42%șǴóȢ 43%40-Day29ˇ
̬̥9ʚʔ˼ɵƐ:·8˃ˣ&-̴ʳ 7 ̵ 
 
 
 
Ĥ 8. ʚʔ˼ɵƐ9ȴ7NU 
̮̩ĕʚʔ˼U̴śĤ ̵̮ ̩ĕʚʔ˼U̴ćĤ̵ 
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ʳ 7. Day2ˇ̬̥9ʚʔ˼ɵƐ 
 ̮̩ĕʚʔ˼̥ ̮ ̩ĕʚʔ˼̥ 
Ǚ̪ɱǲȦ(%Xy^)   
-R<˗ 15 15 
ʚ˗ 42 42 
șǴóȢ 43 43 
ʚʔ˼U
(g/100g) 
  
}p˼ 37.6 7.8 
ZV˼ 41.6 57.6 
z˼ 12.5 19.9 
i±T˼ 4.9 2.9 
α-z˼ 0.7 8.7 
ip˼ 1.0 0.2 
}uZV˼ 0.5 0.5 
XVcenX˼ 0.0 0.0 
vce]eX˼ 0.1 0.1 
T]v˼ 0.2 0.2 
ʚʔ˼9ìĊ̴%̵   
̩ĕʚʔ˼ 44.3 11.7 
Ç ̩ĕʚʔ˼ 42.3 59.3 
ĵÇ ̩ĕʚʔ˼ 13.4 29.0 
 
2−4. ȍŃ̝Ƚ 
2−4−1. Xy^¶ː 
 ~[n(ŋıôɑȬǢ FHC-15S)Qȭ3˼ɱȖŦK>¬˼ó
șɱȖŦĲóQ˃̂&Deconvolution Ǽ(Tokuyama. 2009)Qȭ3ʴ̬ʏ 1áǱ9 V
̷
O2
K> V
̷
CO2Qɤà&-Xy^ȃ˖̀K>ķǙ̪ɱ9˼ó̀9ƣŃ:ɉəˍ
̢ 15ċǦ9Ɣ̞4ʲ70- 
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2-4-2. ~[n9ɪŦǡ˅ 
 ɉəˍ̢ 15ċ'Ɣ̞4ŸLO-ȩˏÏ5DeconvolutionǼ(Tokuyama. 2009)8K03
ɤà&-ńȍÏL˼ɱȃ˖̀¬˼óșɱȬȫ̀K>ēďĚ9ĠāȦ(ńȍÏ/ȩ
ˏÏ× 100)QǵGN"54ɪŦǡ˅Qʲ70-+9ɷǕĠāȦ 98~102% ɧģÜ4
N"5Qɋˉ&- 
 
2-4-3. ŽƛƭK>ʣŴɎɶȀò 
 ~[nØņê8Žƛēď˫ËǨ(FUKUDA ̕ĽǛŪ¼ɍǒ°)
QʵɃ$*-tn9ßȩ813:ɉəˍ̸̢5ċǦ9ƳǼ4ʲ70-  
 
2-4-4. ȅ˻ÂȌ 
 [kĨ9ȅ˻ÂȌke̴ CorTempTM£ǜÂȌxn`gi±HQInc.̵
QÄȭ&ȅ˻ÂȌQȍŃ&-Day1 9~[nØņê8ȅ˻ÂȌ
keQ̧E˧EăËǨ9̕ȐQØOuĨ9ʵɃÛ8āɯ&ʟ˻8ʵɃ&ȅ
˻ÂȌke9ȍŃÏQăË&˃̂&-ƵÜĲòQɌ(}nLɹˁĿȺ8
đǊIƟš̜ Ț9ÀȿQŃ̀(NƔǼ4NceVwǼQȭđǊȺ8Ĳò(N
ȅ˻ÂȌtnLđǊĠşǂʀQūƟš̜ȚÀȿQǵG- 
 
2-4-5. Ȁò̀ 
 ʴ̬ʏ: Day1 9˙ŤƽL Day3 8~[nL˪ņ(ND4
̘çʞ8T_p`QʵɃ&˟ÂȀò̀Q˃̂&-  
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2−5. ɹˁßȩ 
 ĉȍŃ̝Ƚ9Ï:μ˃7ĬĊŢħÏ ± ǧȑˋŜ (Mean ± SEM)4Ɍ&-ȅ˻
ÂȌ8̉&3:tnǩƨɋˉ$O-̺ČQ̎n=75&3ßȩQʲɹˁßȩ
8: SPSS(SPSS Ver 21XiXiXiǛŪ¼ɍǒ°)Qȭ-24 ƽ̈9ǡŃ
:ĉȍŃ̝Ƚ813Ŏſ9N tǡŃ8KMǲˢǡ˂&-̥ŵ 4ƽ̈Ǳ813
9ǡŃ:ǐº(̮̩ĕʚʔ˼̥̮ ̩ĕʚʔ˼̥)ƽ̈(after breakfastafter lunch
after dinner)Qʸġ5&̹ʸġ9áƬáǓ(Two-way analysis of variation; ANOVA)Qȭ
¯­Ãȭ̴ǐº×ƽ̵̈K>¤ñǕ9ǆțQǡŃ&-ANOVA 8KM¯­ÃȭD-
:¤ñǕˉGLO-ĬĊ8:Bonferroni9ƳǼQȭĵ˾ǲˢǡŃQʲ0-ĉƽ
̈Ş9̥ŵʚ˗˼ó̀9ˇʲ̈Ŝ8139ǡŃ:ƽ̴̈after breakfastafter lunch
after dinner̵Qʸė5&-̸ʸġ9áƬáǓ̴One-way ANOVA̵Qȭ-ȅ˻ÂȌ9
ƵÜĲòQceVwǼ4áǓ&-ĉÏ9ǡŃ813:Ŏſ9N͂ǡŃ8KMǲ
ˢǡ˂&-ǆƈŜ9ǡŃ8:ú̏Ȧ 5%ǋȏQơȭ&- 
 
3. ɷǕ 
3−1. Xy^¶ː 
 24 ƽ̈9Xy^ȃ˖̀K>șǴóȢ˼ó̀8̹ˇʲ̈9Ŝ:ʽō$O70
-24 ƽ̈9ʚ˗˼ó̀:̮̩ĕʚʔ˼̥5ǲˢ&̮ ̩ĕʚʔ˼̥83ǆƈ
8̮ÏQɌ&-̴P<0.05̵̴ ʳ̽ ̵ 
 24ƽ̈9Xy^¶ːɶƽĲóK> after breakfastafter lunchafter dinner9
4ƽ̈9Xy^ȃ˖̀K>˼óĪ˗8̉&3Ù39̝Ƚ83¯­Ãȭ̴ǐ
º×ƽ̵̈:ʹLO70-D-ǐº̈9¤ñǕELO̴P<0.05 ̵̮̩ĕʚʔ˼
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̥ˇʲ5ǲˢ&̮ ̩ĕʚʔ̥ˇʲ83ʚ˗˼ó̀ after breakfast̴P<0.05 ̵
after lunch̴P<0.05̵8ǆƈ8̮ÏQɌ&-̴Ĥ 9̵Xy^ȃ˖̀K>șǴó
Ȣ˼ó̀8Ŝ:ʽō$O70-After dinner 9ƽ̈Ş83:Xy^¶ː
8̹ˇʲ̈9ŜQʽō(N̝Ƚ:70- 
 ʚ˗˼ó̀8̉&3after breakfastafter lunchafter dinner9 4ƽ̈8 N̹ˇʲ
̈9Ŝ:after breakfast 23 ± 7 kcal/4hafter lunch 12 ± 6 kcal/4hafter dinner 12 
± 9 kcal/4h40-̴Ĥ 10 ̵After lunch5ǲˢ&after breakfast83 2ˇʲ̈9
ʚ˗˼ó̀9Ŝȴ:ǆƈ8̮ÏQɌ&-̴P<0.05 ̵ 
 
ʳ 8. 24ƽ̈Xy^¶ːʣŴɎɶȀòK>ȅ˻ÂȌ  
            ̴ŢħÏ ± ǧȑˋŜ̵*̿P<0.05 
 
 ̮̩ĕʚʔ˼̥ˇʲ ̮ ̩ĕʚʔ˼̥ˇʲ Pvalue 
Xy^|i(kcal/24h) 39 ± 126 26 ± 12 NS 
Xy^ȃ˖̀(kcal/24h)  2046 ± 275 2059 ± 264 NS 
ēďĚ(/á) 0.866 ± 0.013 0.859 ± 0.020 0.046̶ 
șǴóȢ˼ó̀(kcal/24h)  1057 ± 172 1020 ± 175 NS 
ʚ˗˼ó̀(kcal/24h)  703 ± 158 779 ± 202 0.047̶ 
Žƛƭ(Ġ/á) 62 ± 7 60 ± 8 0.057 
ë¯ƊɎɶ(ms2/á) 935 ± 476 1040 ± 512 0.015̶ 
¯ƊɎɶ(/á) 2.7 ± 1.6 2.8 ± 1.7 NS 
ȅ˻ÂȌ(/á) 36.8 ± 0.02 36.7 ± 0.01 NS 
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Ĥ 9. 24ƽ̈Xy^¶ː9ɶƽĲó 
̴ ̮̩̿ĕʚʔ˼̥ˇʲ ̮̿ ̩ĕʚʔ˼̥ˇʲ  
*̿P<0.05 vs. ̮̩ĕʚʔ˼̥ˇʲ : P<0.05 vs. ċˇʲ8 N after breakfast̵ 
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86  10
109  12*
126  10†
138  12*†
130  12†
142  14†
373  15
383  17
388  19
383  17
393  20
391  20
246  14
237  14
218  12
207  12
212  10
202  11
After breakfast
/ 
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Ĥ 10. ̥ŵ 4ƽ̈Ǳ9ʚ˗˼ó̀ ˇʲ̈Ŝ *̿P<0.05 
 
3−2. ʣŴɎɶȀò 
 24 ƽ̈9¯ƦɎɶȀòK>Žƛƭ83:̹ˇʲ̈8Ŝ:ʽō$O70-
̮ ̩ĕʚʔ˼5ǲˢ&̮ ̩ĕʚʔ˼9ƩĂ8K03ë¯ƊɎɶ:ǆƈ7̮ÏQɌ
&-̴P<0.05̵̴ ʳ̽ ̵D-after breakfastafter lunchafter dinner9 4ƽ̈9ʣŴɎ
ɶȀò9ɷǕQĤ 118Ɍ&-Ù39̝Ƚ83¯­Ãȭ̴ǐº×ƽ̵̈:ʹLO
70-D-ǐº̈9¤ñǕELO̴P<0.05 ̵after dinner9 4ƽ̈83
̮̩ĕʚʔ˼̥ˇʲ5ǲˢ&̮ ̩ĕʚʔ˼̥ˇʲ83Žƛƭǆƈ8Á
̴P<0.05̵&ë¯ƊɎɶȀòǆƈ8̮ÏQɌ&-̴P<0.05̵̴ Ĥ 11 ̵ 
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Ĥ 11. 24ƽ̈ʣŴɎɶȀò9ɶƽĲó 
̴ ̮̩̿ĕʚʔ˼̥ˇʲ ̮̿ ̩ĕʚʔ˼̥ˇʲ *̿P<0.05̵ 
 
3−3. ȅ˻ÂȌ 
 24 ƽ̈9Ţħ9ȅ˻ÂȌ8̹ˇʲ̈9Ŝ:ʽō$O70- (ʳ 8)24 ƽ̈9ɶ
ƽĲóQĤ 12 8Ɍ&-ceVwǼ8KNáǓQʲ0-ɷǕƟšK>̜ȚÀȿ
9)O9Ï8Hǆƈ7Ŝ:ʽō$O70-̴ʳ̾ ̵ 
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0.0
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Time
68  3
65  3*
619  98
759  151*
After lunch After dinner Sleep
Lunch DinnerBreakfast
67  3
65  4
65  3
64  3
680  116
680  127
732  107
765  156
3.7  0.6
4.0  0.6
3.3  0.5
3.7  0.6
3.4  0.6
3.3  0.5
After breakfast
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Ĥ 12. 24ƽ̈ȅ˻ÂȌ9ɶƽĲó 
̴ ̮̩̿ĕʚʔ˼̥ˇʲ ̮̿ ̩ĕʚʔ˼̥ˇʲ̵ 
 
ʳ 9. ceVwǼ8KNŃ̀ɷǕ  
 Ɵš P value ̜ȚÀȿ P value 
̮̩ĕʚʔ˼̥ˇʲ 0.38 ± 0.13 0.59 16.2 ± 1.9 0.30 
̮ ̩ĕʚʔ˼̥ˇʲ 0.36 ± 0.11  15.5 ± 0.9  
̴ŢħÏ ± ǧȑˋŜ̵ 
 
3−4. ˇ̬êƵ5ˇ̬ůƵ9˟ÂȀò 
 ˇ̬êƵ̴Day19 7:00L 24:00̵̴̮̩ĕʚʔ˼̥ˇʲ̿100.6 ± 14.8̮ʚʔ̥
ˇʲ̿99.4 ± 8.0N.S̵K>ˇ̬ůƵ̴Day29 7:00L 23:00̵̴̮̩ĕʚʔ˼̥ˇ
ʲ̿69.2 ± 18.8̮ʚʔ̥ˇʲ̿65.1 ± 4.3N.S̵9˟ÂȀò̀8:̹ˇʲ̈8ǆƈ7
Ŝ:ʽō$O70- 
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
 48 
4. ʎō 
 Ǎɉə9¤-Nȹʹ:̮̩ĕʚʔ˼̥5ǲˢ&̮ ̩ĕʚʔ˼̥9ƩĂ24 ƽ
̈9ʚ˗˼ó̀Qįķ$*N"54N̮  ̩ĕʚʔ˼̥9ƩĂ8KNʚ˗˼ó̀9
įķ: 76kcal̴ ɮ 10%̵40-Ǎɉə4ŸLO-ɷǕ:̈Ƣȟ̀ȍŃʵʈQÄȭ
&3ʲPO3-̥ŵƭƽ̈9ȍŃQʲ0-Ôʲɉə9ɷǕ5ʥ(NH940-
̴Casas-Agustench. 2009, Piers. 2002, Flint. 2003, Soares. 2004 ̵D-Ǎɉə4ÃƐ&-
Zhwg4ˎȩ&-ˇ̬̥QƩĂ(N"58KMʴ ̬ʏ9ʚ˗˼ó̀QĲó
$*N"54-"9"5LμŃ9ʚʔ˼QƩĂ$*N-G9ˇ̬̥Q̇ȹ(
N"58Ɛî&- 
 ̮̩ĕʚʔ˼̥5ǲˢ&̮ ̩ĕʚʔ˼̥ 24 ƽ̈9ʚ˗˼ó̀Qįķ$*N[
xj5&3̹19ǨǥʎLONɠ̸8Ĵġƃ9ʚ˗˼ó̀9įķ4N
ȃóďā$O-ŵ̩ĕʚʔ˼5ǲˢ&Ç ̩ĕʚʔ˼:ÓÔȺ8eVj9ķ
7]_8ĂM˧DON̴Mekki. 2002 ̵eVj9ķ7]_:eV
j9ő$7]_KMHn}_˗}l9ÃȭQă I(ʚʔ˼9
ïǴáʿʲPOI(̴Bergouignan. 2009 ̵$L8Ç ̩ĕʚʔ˼:˭I8
ʚʔ˼ˤ˫ÂIʚʔ˼ɷĊn}_˗Q²&3ƚȃɵʆ9ɳʘÜ8ĂM˧DON-G
̩ĕʚʔ˼KMHÓÔȺ8ucvTIZ]gm83 β ˼óQă N
̴Richieri. 2000 ̵ɠ̹8Üġƃ9ʚ˗˼ó̀9įķHʎLONPeroxisome 
proliferator-activated receptor alpha (PPARα)9Ȁƃó:Z]gm9įǯ5
ucvTK>Z]gm8ÜĦ(N β ˼ó̉˯˺½Ľ9ˊŐQˎɦ(N
̴Forman. 1997 ̵In vitro9ń̬4:̩ ĕʚʔ˼KMH ̩ĕʚʔ˼9ǁ̖8K03
KMñǕȺ8 PPARαQȀƃó$*N"54N5á03N̴ Mandard. 2004 ̵ò
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Ȣń̬4:̮ ̩ĕʚʔ˼9ƩĂ8K03ʒʠ9Tg CoA Z]gnlIʚʔ
ɵʆ9Ɗăƃ}lȀƃó(N"58KMʚ˗¶ː®˱(N5īĐ$
O3N̴ Liao. 2010, Awad. 1986 ̵+9-GǍɉə4Ḫ ̩ĕʚʔ˼̥9ƩĂ8K
03Üġƃʚ˗9˼ó̀įķ&-ąʙƃʎLON 
 Ǎɉə4:~[nQȭ3ǵG- V
̷
OK> V
̷
CO2+&3ŕ
£LǵG- N
̷
QÄȭ&Ferranniniɡ9ƣŃŪKMʚ˗˼ó̀Qɤà&-̴ Ferrannini. 
1988 ̵&&7L"9ʚ˗˼ó̀9ƣŃŪ:food quotient̴ FQ̵ 0.7054N
palmitoyl-oleoyl-stearoyl-triglyceride ˼ó(NóĿĀſŪ8Ī23ÃLO-Ū4N
ÂÜ4˼óĪ˗57Nʚʔ˼8:ĵǦ7ɗ̤M̴ʳ 1 ̵óĿǥˮŪ9˷8K0
3 FQHȴ7NÛÂȺ8:tripalmitin triolein trilinoleinK> trilinolenin9 FQ
:+O,O 0.7030.7130.726+&3 0.7404N̴ʳ 10 ̵D-˼ó(Nu`
kv9ǥˮŪ9ŜȴQĀƺ&3ʚ˗˼ó̀9ƣŃŪHȴ703N"5áN
̴ʳ 10̿ ƣŃŪ A-E ̵1 mole9 tripalmitin(807.34g)˼ó(NĬĊ8:1624 L9˼
ɱȃ˖$O1142.4 L9¬˼óșɱȬȫ$ON"OL9ÏQƣŃŪ A8¶Ø(N
5u`kv9˼ó̀: 804.3 g5ƣŃ$ON"9Ï:ń̑9 tripalmitin9˼
ó̀KMHP)8˵őˆÇ$O-Ï5703N(99.6 %)1 mole9 triolein̴ 885.432 
g̵˼ó&-ĬĊ8:1792 L9˼ɱȃ˖$O1276.8 L9¬˼óșɱȬȫ$O
N"OL9ÏQƣŃŪ A8¶Ø(N5u`kv9˼ó̀: 860.4 g5ƣŃ$O
N"9ÏHń̑9 triolein9˼ó̀KMH˵őˆÇ$O-Ï5703N(97.2 %)
ċǦ8&3 trilinolein5 trilinolenin83H˵őˆÇ$O-Ï57N̴91.5 %K>
85.7 % ̵K03Ǎɉə4ʚ˗˼ó̀QƣŃ(N98Äȭ&-ƣŃŪ A: ̩ĕʚ
ʔ˼4ǥƐ$O-u`kv˼ó&-ĬĊ8:˵őˆÇ&-ÏQɤà&3N
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~[nQȭ39ȍŃ4:˼ ó&-u`kv9ʚʔ˼ǥƐ
QƹL8(N"5:47""4ˀÿ&-ě̢:̈Ƣȟ̀ȍŃ9 limitation 4
N5ˀNǍɉə4:}ǸQÄȭ&-̮̩ĕʚʔ˼̥5ǲˢ&Vgv
ǸQÄȭ&-̮ ̩ĕʚʔ˼̥QƩĂ&-ˇʲ8324ƽ̈9ʚ˗˼ó̀: 8.3 g
ĵ70-"9Ï:˵őˆÇ$O-Ï4N-G ̩ĕʚʔ˼9ƩĂ8K03ū
˙"$O-ʚ˗¶ː9®˱:KMķ7H940-5ʎLON 
 ̅ǊȺ7̮ʚʔ9̥«Qžʸ5(N fat adaptationQńƴ(N8-Mʚʔ˼9ɗ̤
9˷8K03 24ƽ̈4 10%·9ʚ˗˼ó̀9ŜȧON5ɷǕ:țʻ4
NH94:7$L8̮̩ĕʚʔ˼̥ˇʲ5ǲˢ&̮ ̩ĕʚʔ˼̥ˇʲ8
3 24 ƽ̈9ë¯ƊɎɶǆƈ8̮ÏQɌ&μ8ĳ̥ŵ9ƽ̈ŞLɄɁǊ̈8ķ
7Ŝʽō$O-ë¯ƊɎɶÓÀ8703N"58KMɄɁ9˗9čIȶð
Ġź8ñǕN5ªƇ$ON̴Vandewalle. 2007 ̵̅Ǌ8P-M fat adaptationQń˝
(NTiu8503̮  ̩ĕʚʔ˼9ìĊQ̮GN̥«Qƈˑ(N"5:}Y
ič8H17N5ʎLON 
 ȅ˻ÂȌ813:ƵÜĲò9ŢħÏQǲˢ(N5̮  ̩ĕʚʔ˼̥ˇʲ5ǲˢ
&̮̩ĕʚʔ˼̥ˇʲ83̜ ȚÀȿŵ˪&3NK8ʹN&&7L
ceVwǼ8KNáǓɷǕ4:ǆƈ7Ŝ9ʽō$ON̝Ƚ:70-Ǎɉə4:
ȅ˻ÂȌ9ȍŃtn8ǩƨÏ9Nʴ̬ʏQɷǕL̎Ĵ&-"58KMnƭ̼
±5Œ7703ND-ʴ ̬ʏ9i_x`8ǉĨĶĨ˗ěɰ̴ Ishihara. 1986̵
QÄȭ&370--GȫȀμƃQƤN"5437ȅ˻ÂȌ9ɷǕ8
:"OL9ʸġŲ̛Q¡3NąʙƃMǍɉə9±g4N5ʎ
LON 
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 10. 


	 



  FQ 
	 
(kcal/g) 
(g) 
Palmitoyl-oleoyl-stearoyl- 
triglyceride 
C55H104O6 0.705 9.50 Ferrannini. 1988 (A) 1.67 VO2–1.67 VCO2 −1.92 N 
Tripalmitin C51H98O6 0.703 9.36(a)  (B) 1.68 VO2–1.68 VCO2 −1.93 N 
Triolein C57H104O6 0.713 9.47 (b) (C) 1.72 VO2–1.72 VCO2 −1.98 N 
Trilinolein C57H98O6 0.726 9.39 (c) (D) 1.83 VO2–1.83 VCO2 −2.10 N 
Trilinolenin C57H92O6 0.740 9.33 (d) (E) 1.95 VO2–1.95 VCO2 −2.55 N 
 
a: Available from: http://webbook.nist.gov/cgi/cbook.cgi?ID=C555442&Units=SI&Mask=2#Thermo-Condensed. 
b: Available from: http://webbook.nist.gov/cgi/cbook.cgi?ID=C122327&Units=SI&Mask=2#Thermo-Condensed. 
c: Available from: http://webbook.nist.gov/cgi/cbook.cgi?ID=C537406&Units=SI&Mask=2#Thermo-Condensed. 
d: Available from: http://webbook.nist.gov/cgi/cbook.cgi?ID=C14465680&Units=SI&Mask=2#Thermo-Condensed.
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Ʌʚ 
 ˱ˬþɞɚˉ˪)Ǎʩ
˱ˬþɞɚˉ˪,ʘƒ#ʍ˯˪-Ƌî,<%'
ÄĊ
Ů<1ĜĊŮCõB!# 24Ɵ˓-ɈɞʡˉÞˍȽ 10%Ęğ#öȱ-JhP
ˍ
#D/ʡɞʡǱǐÞǹǍǾ-˪(%':
˪,ù6@?ˬþɞɚˉ
-ˆCˬþɞɚˉ,ɍƉ?)(ɞʡˉÞˍCĘğ!?)(?)ƛ
=,#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ȜȬʗ˨ 2−2 
 
1. ɉʃ 
 ȜȬʗ˨ 2−1-ɅƵ<>
Ƌî?)(JhP¤ʛCĚÞ!?)-(?
ʍ˯˪C˒Ȏ#JhP¤ʛ˔ʷ˄©Ħ)Ȃ®Zz˔ʷ˄©Ħ-Ȏǿ)-˓-
˔ʷ,&'.ĝ-Ėû+@'?Ã®Ȑ,.
xIY-ɞɚɁɜ,?
Bmal1-Ȏǿ.ɞɚõŸ˔ʷ˄©Ħ-ȎǿĘØ)):,:ĘØ˶ Shimba. 2005 
˷Clock
Ci`QFId#xIY-ɘɁɜC{]vzʂƳ?),<>
Clock-Ȏǿ
ɞʡ¤ʛCù8ĝ-¤ʛɄʤCÑť'?):Ėû@#˶Eckel-Mahan. 
2012 ˷=,
Rev-erb	<1Ci`QFId?)ɘɁɜ- PPAR	;_dQ
z P450 LOWe^Q]\(POR)-˄©ĦȎǿ.ĘØ! 
ƘÄĚÜ.ǟĢ#
˶Cho. 2012 ˷ 
 Ɩ(
˱ ɞɚ˪-Ƌî,<%'xIY-ǂƘɵÜüƪŔˑ
ƬƾɃɌ-Ɵʅ˄
©Ħ-ȎǿZzǤŘ?)Ėû@'?˶Kohsaka. 2007˷
"-éĊ.˱ɞɚ
˪,ù6@?ˬþɞɚˉ(?)ñɝŮƂƌ@'?˶Fick. 2011 ˷ĭ˙,

LHˉC)#˱µˬþɞɚˉ˪)Ǎʩ
ky_ˉC)?˱ˬþ
ɞɚˉ˪CƋî#xIY.αȖ-ɿˊZzĚÞ
Ơƪ-ǜÜǤĹ NREMα
ȖĘØ#˶Sartorius. 2012 ˷@=-¿ɵȜȬ(.
JhP¤ʛ-ǧĬCɵ%
'+
ǜÜZz-ĚÞ)öƟ,JhPǟʟˍ;ˉÞĕʡ:ĚÞ'?
)ű(? 
 6#
ɘɢ;ɞɚɁɜ+*-ƬƾƟʅ˄©ĦC[`d
24 Ɵ˓,öʘ!?½
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CƁ&u|)'HYƃ=@?˶ Yamajuku. 2012 ˷åĉ˪-¢Á(
%':
ǱǐÞǹ)):,ˬþɞɚˉ-ʜĳ+ɞʡCƋî?˪ɐ)Ǎʩ
ˬ þ
ɞɚˉ-ʜĳ+ɞʡCƋî?˪ɐ,'˪Ţ-ɴǢHYËǗˍ.˱ºC
ȟ˶López. 2008 ˷ƭȜȬ(±Ȅ?ʍ˯˪-Ƌî,<>
JhP¤ʛ,Ø'
HYËǗˍ,:ŅȋȂ'?ñɝŮɓ=@?#9
ýǏËƳ)öƟ,ƅ
ɴCɵHYËǗ-ɄƟĚÞCƛ=,' 
 ȜȬʗ˨ 2−1(.
ǡˆ®Ǧ-ƘÄĚÜ,ƧŲ+Ņ.ʀĵ@+%#ŋđº-Ʉ
ƟĚÞCȟ#Ro=.
˱ ˬþɞɚˉ˪ʍɵ)Ǎʩ˱ˬþɞɚˉ˪ʍɵ,
'ǡˆ®Ǧ¬,ʨ ?]HyRŢʲ'?<,ɼ?˶Č 12 ˷ǡˆ®
Ǧ-¬)ȖǏ;ÁȖ,.˔ʷ>˶Campbell. 1998 
˷ǡˆ®Ǧ-¬ʵőƥğ)
+%#ǼŴ=ƑƟ˓¥Ä,ÁȖ?)(
ǡαȖŤ=@?)ɓ=@'?
6#
˒Ȏ#ʍ˯˪CƋî?),<%'
ɥšȢɄǜÜ,:Ņʀĵ@
˱ˬ
þɞɚˉ˪)Ǎʩ˱ˬþɞɚˉ˪-ƋîŧƀƑC¬!
ÕųȢɄǜÜC˱
9#˶ɶ˿ ˷@=-ɅƵCʦ6ȜȬʗ˨ 2−2(.
˱ˬþɞɚˉ˪6#.˱ˬ
þɞɚˉ˪-Ƌî
JhP¤ʛ)αȖCù8Ȃ®Zz,ë5şˡCƿʆ# 
 
2. Ɩǘ 
2−1. ɸ˯ɔ 
 »œ+ɪŌȈŮ 10 ÷CĶʝ)#Ķʝɔ,.
ąǵɒŶ-?ɔ
ĬƪȐ,ƨɲ
'?ɔ.ù6@'+%#ƭȜȬ3-êØ,˙'ɸ˯ɔ,.Ó,ĭ˯-
ƙ
Äı<1ʢ>?ç˘Ů,&'ʖƛ
ɸ˯ɔƭ öŲƤ3-Ɏ÷C#
Ţ,ĭ˯CĭƗ#ɸ˯ɔ-ʧ®ǺŮCɶ 11,ȟ ɸ˯ɔ-YQgR,.
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ƩĒĞĒʡăȿC±Ȅ
ƩĒ<1˓Ē)ÎĬ@#ɸ˯ɔ-7CƅȄ# 
 
ɶ 11. ɸ˯ɔ-ʧ®ǺŮ 
Ō˵˶ǋ˷ ʧˑ˶cm˷ ®ˋ˶kg˷ ®ɞɚǾ(%) BMI˶kg/m2˷ 
22.3 ± 0.3 172.5 ± 1.9 67.1 ± 1.9 15.1 ± 1.5 22.6 ± 0.6 
˶ŋđº ± ǅǪʕŅ˷ 
2−2. ĭ˯qdT 
2-2-1. ÓǧĬ 
 ɸ˯ɔ,. 21̀00 ,l}xM{],ƱĮ':=
ŧƀýúʳ¸
ǆ)αȖwRoG-ɹȗCɵ%#ɹȗɂŢl}xM{],ÁĮ
':=
ŧƀýúʳ¸ǆ)αȖwRoG-Ü¯ȝʑCɵ%#ƭʍ˯öǄ-
23̀00 ,ǟǯ
ɑƩ 7̀00 ,ǲǯCɵ"-ƪ˓-JhP¤ʛ
ɟǙCǧĬ
#ǲǯƟÒ¥Ó,Ȓɿ9'6%#ėõ,:ǲǯ6(.±`e,¦ø-ǼŴ(ī
˟,ʾ':=%#ʢŏŢ,.ɸ˯ɔ,ʀȐαȖ,ă˨+%#Cȝʑ

áË+αȖ-î@#ɸ˯ɔ-7ƭʍ˯,êØ':=%# 
 
2-2-2. ƭʍ˯ 
 ƭĭ˯.
ɸ˯ɔ˺ ˻ʍɵCɵWRpHeQYLjcVH
(ĭƗ
˾ Ƙ˓(˺ʍɵ)#˶ Č 13 ˷Day1= Day4-ƪ˓,.
ʢŏƟÒC 7:00 
± 1Ɵ˓
ĺĴƟÒC 23:00 ± 1Ɵ˓)ɽĬ
ǭʽÜCȣǉ#ɸ˯ɔ. Day5
-ʢŏƟ˶7:008:00 -˓˷,FQ_Ro(xHQyg ZP Ē)Cɹȗ
®Ƽ,õ
B!#ɽĬ˪CƩ
ƞ
ě˪)Ƌî#21̀00,ȜȬĮ,ƱȜ
ʧ®ǧĬ(®ˋ
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ʧˑ®ɞɚǾɴď®Ǧ)Cɵ®ʘȋŉ+ȝʑ#ŧƀýúʳ¸ǆ-ɹ
ȗ
ǡˆ®ǦʅCɹȗ 22:00 ,l}xM{],ÁĮ
22:40 =ĺĴǪ
¼Cƒ 23:00,ǟǯ#Day6- 7:00,ǲǯCɵ
dHCǣ6!"-Ţ.Œ«
ī˟)#˪. 8:00
12:30
19:00 ,Ƌî#21:00 ,l}xM{
]CʲÊ
αȖwRoGCɹȗ
22:45 =ĺĴǪ¼Cǣ6! 23:00 ,ǟǯ
#Day7- 7:00,ǲǯ
ÂļCƅî
7:30,ʲĮ#Day7- 7:30ʲÊŢÂ'-
ǧĬCɂ)
Day6- 7:00= Day7- 7:006(
24Ɵ˓CɅƵ)'ƅȄ#
Day6- 7:00
9:00
12:00
15:00
18:00
21:00
23:00<1 Day7- 7:00,ƅɴCɵ
%#ʇʍɵC˱ˬþɞɚˉ˪6#.˱ˬþɞɚ˪CȄ'^z+˥Ȋ,ɵ%
# 
 
 
Č 13. ĭ˯YSX} 
 
2−3. ˪ 
 ɸ˯ɔ,. Day5-Ʃ˪= Day6-ě˪6(ʅ˽˪ƈ³@
Day5.ɥĪ
Day6
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.l}xM{]Ä(Ƌî#˪ˍ.Ƙƭ -˪ƋîĕǪ˶2015 Ō
Ƿ˷C:),
ʧ®ǜÜ±C Day5̀1.70
Day6̀1.30 )'Ƙ-˪ˍCȴÊ

"@C˼ËÖ'˺˪-ˍCǔĬ#Day5-ɽĬ˪-ŋđJhPˍ. 2666 
± 39 kcal/day
JhPˍ,Ķ?˼ğƸ˭ɀJhPǍǾ.#D/ʡ 14%
ɞ
ʡ 24%
ǱǐÞǹ 61%(%# 
 Day6,Ƌî#ʍ˯˪(.
Ǖɞ-ƮƔCkzǕ˶˱ˬþɞɚˉ 
˷6#.Hq
WeǕ˶˱ˬþɞɚˉ˷)#xoGC˪)'Ƌî#-xoG-ʘ
ȁƖǘ.
ʗ˨ 2−1)öǄ-Ż˥(¯Ÿ#ɸ˯ɔ.-xoG,Ø'ɭ
Õ
ɭCƋî#Day6-ʍ˯˪-ŋđJhPˍ. 2075 ± 61kcal/day
JhPˍ,
Ķ?˼ğƸ˭ɀJhPǍǾ.#D/ʡ 11%
ɞʡ 46%
ǱǐÞǹ 43%(%
#Day6-ʍ˯˪-ɞɚˉɃŸ.¥,ʇʪ#˶ɶ 12 ˷ 
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ɶ 12. Day6-ʍ˯˪ ɞɚˉɃŸ 
 ˱ˬþɞɚˉ˪ ˱ˬþɞɚˉ˪ 
Ƹ˭ɀǍǾ(%JhP)   
#D/ʡ 11 11 
ɞʡ 46 46 
ǱǐÞǹ 43 43 
ɞɚˉqoG
(g/100g) 
  
ky_ˉ 37.6 7.8 
LHˉ 41.6 57.6 
iˉ 12.5 19.9 
YbFˉ 4.9 2.9 
α-iˉ 0.7 8.7 
yY_ˉ 1.0 0.2 
kydLHˉ 0.5 0.5 
JHTUt]Jˉ 0.0 0.0 
eTUrOUJˉ 0.1 0.1 
FOeˉ 0.2 0.2 
ɞɚˉ-Öõ˶%˷   
ˬþɞɚˉ 44.3 11.7 
µˬþɞɚˉ 42.3 59.3 
ĝµˬþɞɚˉ 13.4 29.0 
 
2−4. ǧĬˤȒ 
2−4−1. JhP¤ʛ 
 l}xM{](ĳęàȦȃǀ FHC-15S)CȄ'ˉɀǮő<1ˉÞ
ǱɀǮőĚÞCʇˏ
Deconvolution ǘ(Tokuyama. 2009)CȄ'ɸ˯ɔ 1Ëǌ- V
˹
O2
<1 V
˹
CO2CȴÊ#JhPǟʟˍ<1ğƸ˭ɀ-ˉÞˍ-ƇĬ.ȜȬʗ
˨ 1)öǄ-Ż˥(ɵ+%#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242. l}xM{]-Ⱥőƿʋ 
 ȜȬʗ˨ 1)öŻ˥(Ť=@#ȁʚº)Deconvolutionǘ(Tokuyama. 2009),<%'
ȴÊ#ĭǧº=
ˉɀǟʟˍ
ˉÞǱɀȃȂˍ<1ýúĂ-ĉíǾ(ĭǧº/ȁ
ʚº× 100)Cǒ9?)(ȺőƿʋCɵ+%#"-ɅƵ
ĉíǾ 98~102% ȷċÄ(
?)Cȝʑ# 
 
2−4−3. αȖǃȸ 
 PSG-1100 (ƘƭÀ˝, Ʋ, Ƙƭ)C±ȄαȖƟɟǙCǧĬ#ɟǙʂƳ<1α
Ȗǃȸ-ʌµƖǘ.ȜȬʗ˨ 1)öǄ-Ż˥(ɵ+%# 
 
244. ŧƀƑ<1ɥšȢɄǜÜ 
 l}xM{]ÁĮÓ,ŧƀýúʳ¸ǆ(FUKUDA ˝Ħƹŕ¨ȡ
Ʋ)
Cɹȗ!#c]-Éȁ,&'.ȜȬʗ˨˺)öǄ-Ɩǘ(ɵ+%#  
 
2−4−5. ǡˆ®Ǧ 
 Mq[Ē-ǡˆ®Ǧ[U˶ CorTempTMƺ®Ǧ|g]RWYbz
HQInc.˷
C±Ȅ
ǡˆ®ǦCǧĬ#Day6 ʢŏƟ,ǡˆ®Ǧ[UC˫7ʮ7
ï¸ǆ
-˝ǩCÁ@±dĒ-ɹȗÃ,íȾɡˆ,ɹȗ
ǡˆ®Ǧ[U-ǧĬºCï
¸ʇˏ#ƘÄĚÜCɆʅĨȐ,üƪ;ƄŊ
ˢ ǲ-«ȔCǒ9?Żǘ(?TU
HfǘCȄ
üƪȐ,ĚÜ?ǡˆ®Ǧc]=üƪĉňƣɊCŖƄŊ
ˢ ǲ
«ȔCǒ9#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2−4−6. ɴǠUqR)RTY<1HY-ËƳ 
 ƅɴ. Day6 - 7:00
9:00
12:00
15:00
18:00
21:00
23:00
Day7- 7:00 -ʅ 8 
ĉɵ%#1ĉ-ƅɴˍ. 6ml)#l}xM{]-ź,ƅɴȄ-ĸȮ
Cʈɍ?),<>
¤ʛǧĬCƕ?)+ƅɴCĭƗñɝ)#(Č 14)ž
ÈčÔ(EDTA)Á%#ƅɴȵ,ƅî#ɴǠ.
ƅɴȓŢ, 3000rpm
15°C( 20Ë˓
ˁŧË˜#Ţ
ɴǫC·ħıć,ȧËƳ6(-30°C (ÆÇ·ħ# ɴǢRT
YǮő.ņʞ-ǧĬO`d˶RTY CⅡ-bYdT˷CȄ
ɴǢHY
Ǯő.ǧĬO`d˶Mercodia insulin ELISA˷CȄ'ǧĬ# 
 
 
 
2−4−7. ǜÜˍ 
 ɸ˯ɔ. Day1 -ʢŏƟ= Day7 ,l}xM{]=ʲĮ?6(

ˠÐɠ,FQ_RoCɹȗ
ʧ®ǜÜˍCʇˏ#  
2−4−8. ƩĒĞĒʡăȿ 
 ƘƭʓǷƩĒ-ĞĒ˶̂̇̈̆̅̆̄̆̃̉̉-́̋̃̆̅̆̄̆̃̉̉˷ʡăȿ
Č 14. M{]Ĝ˶ńČ˷ 
   M{]Ä˶òČ˷ 
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˶Ishihara. 1986˷,<%'ɸ˯ɔ-ƩĒĞĒŤǲCÎĬ#40ǲ= 60ǲ6(-
˓Ē
<1 60ǲ= 70ǲ6(-ƩĒ-ɸ˯ɔ-7
ƭĭ˯,êØ':=%# 
 
2−5. ɆʅÉȁ 
 ôǧĬˤȒ-º.Ǻʇ+ėõ
ŋđº ± ǅǪʕŅ (Mean ± SEM)(ȟ#ǡˆ
®Ǧ,˔'.c]ǇƊȝʑ@# 1÷C˗
n=9)'ÉȁCɵ
ɆʅÉȁ
,. SPSS(SPSS Ver23
JYnJYJYƹŕ¨ȡ
Ʋ)CȄ# 
 ɸ˯ɔ.αȖwRoGCɹȗ?#9, 21 Ɵ,l}xM{]C
ƟʲĮ'?#9
7:00= 21:006(- 14Ɵ˓-JhP¤ʛ,˔'-ƿĬ

<1 23:00=ɑƩ 7:006(- 8Ɵ˓-JhP¤ʛ,˔'.
ĶŪ-? tƿ
Ĭ,<>Ǎʩƿʆ#ɥšȢɄ-ǜÜ
ŧƀƑ<1ǡˆ®Ǧ- 24 Ɵ˓-ºCĶŪ
-? tƿĬ,<>Ǎʩƿʆ#ǡˆ®Ǧ-ƘÄĚÜCTUHfǘ(Ĭˍ#ôº
,&'.
ĶŪ-?̊ƿĬ,<>Ǎʩƿʆ#23:00=ɑƩ 7:006(- 8Ɵ˓
-αȖƟɟǙ-ôº,&'.
ĶŪ-?̊ƿĬ,<>Ǎʩƿʆ#6#
αȖü
ƪǌ-º,&'.
ư§(˱ˬþɞɚˉ˪
˱ˬþɞɚˉ˪)
üƪ(Ȱüƪ
Ȱ
üƪ
Ȱüƪ)CɻĊ)
˻ɻĊ-ËƐËƳ(Two-way analysis of variation; ANOVA)
CȄ
¯Ȅ˶ư§×üƪ˷<1ÛƵ-ƧǳCƿĬ#ANOVA ,<>
¯Ȅ6#.ÛƵʑ9=@#ėõ,.
Bonferroni-ƖǘCȄĝˋǍʩƿĬCɵ%
#ɴǢRTY<1ɴǢHY-ƿĬ,.
˻ɻĊ-ËƐËƳ(Two-way 
analysis of variation; ANOVA)CȄ
¯Ȅ˶ư§×Ɵ˓˷<1ÛƵ-ƧǳCƿĬ
#ANOVA ,<>¯Ȅ6#.ÛƵʑ9=@#ėõ,.
Bonferroni -Ɩǘ
CȄĝˋǍʩƿĬCɵ%#ƧŲŅ-ƿĬ,.ç˘Ǿ 5%ƫǨCƅȄ#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3. ɅƵ 
3−1. JhP¤ʛ 
 14 Ɵ˓-JhPǟʟˍ<1ǱǐÞǹˉÞˍ,˻ʍɵ˓-Ņ.ʀĵ@+%
#˶ɶ 13 ˷14Ɵ˓-ɞʡˉÞˍ.
˱ˬþɞɚˉ˪)Ǎʩ˱ˬþɞɚˉ˪,
'ƧŲ,˱ºCȟ#˶ P<0.05˷˶ɶ 13 ˷αȖƪ˓ 8Ɵ˓-JhP¤ʛ,˔':

ɞʡˉÞ,.ƧŲ+Ņʀĵ@
˱ ˬþɞɚˉ˪)Ǎʩ˱ˬþɞɚˉ˪,'
ƧŲ,˱ºCȟ#˶P<0.05˷˶ ɶ 13 ˷JhP¤ʛǧĬƪ˓-ɄƟĚÞCČ 15
,ȟ# 
ɶ 13. JhP¤ʛ
24Ɵ˓ɥšȢɄǜÜ<1ǡˆ®Ǧ 
 ˱ˬþɞɚˉ˪ʍɵ ˱ˬþɞɚˉ˪ʍɵ Pvalue 
JhPǟʟˍ(kcal/14h) 1346 ± 35 1365 ± 32 0.395 
ýúĂ(/Ë) 0.876 ± 0.008 0.864 ± 0.006 0.139 
ǱǐÞǹˉÞˍ(kcal/14h) 704 ± 44 713 ± 29 0.799 
ɞʡˉÞˍ(kcal/14h) 458 ± 39 516 ± 37 0.027˸ 
JhPǟʟˍ(kcal/sleep) 538 ± 14 554 ± 12 0.199 
ýúĂ(/Ë) 0.830 ± 0.008 0.820 ± 0.006 0.045˸ 
ǱǐÞǹˉÞˍ(kcal/sleep) 205 ± 15 195 ± 11 0.315 
ɞʡˉÞˍ(kcal/sleep) 260 ± 20 294 ± 17 0.027˸ 
ŧƀƑ(ĉ/Ë) 60 ± 3 59 ± 3 0.022˸ 
ÕųȢɄ(ms2/Ë) 857 ± 224 1388 ± 402 0.033˸ 
ųȢɄǜÜ/Ë) 2.5 ± 0.4 2.3 ± 0.4 0.164 
ǡˆ®Ǧ˶/Ë˷ 36.7 ± 0.02 36.6 ± 0.02 0.430 
˶ŋđº ± ǅǪʕŅ˷*̀P<0.05 
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Č 15. 24Ɵ˓JhP¤ʛ-ɄƟĚÞ 
˶ ̀˱ˬþɞɚˉ˪ʍɵ
 ̀˱ˬþɞɚˉ˪ʍɵ˷ 
 
3−2 ɥšȢɄǜÜ 
 24 Ɵ˓-ƉȢɄǜÜ,'.
˻ʍɵ˓,Ņ.ʀĵ@+%#
˱ˬþɞ
ɚˉ)Ǎʩ˱ˬþɞɚˉ-Ƌî,<%'ŧƀƑ.¬
ÕųȢɄ.˱ºCȟ
#˶P<0.05˷˶ ɶ 13 ˷24Ɵ˓-ɄƟĚÞCČ 16,ȟ#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Č 16. 24Ɵ˓ɥšȢɄǜÜ-ɄƟĚÞ 
˶ ̀˱ˬþɞɚˉ˪ʍɵ
 ̀˱ˬþɞɚˉ˪ʍɵ˷ 
 
3−3 ǡˆ®Ǧ 
 24 Ɵ˓-ŋđ-ǡˆ®Ǧ,
˻ʍɵ˓-Ņ.ʀĵ@+%#˶ɶ 13 ˷24 Ɵ˓-
ɄƟĚÞCČ 17 ,ȟ#TUHfǘ,<?ËƳCɵ%#ɅƵ
˱ˬþɞɚˉ˪
)Ǎʩ˱ˬþɞɚˉ˪-Ƌî,<%'ˢǲ«ȔŢʲ#˶P<0.05˷˶ ɶ 14 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Č 17. 24Ɵ˓ǡˆ®Ǧ-ɄƟĚÞ 
˶ ̀˱ˬþɞɚˉ˪ʍɵ
 ̀˱ˬþɞɚˉ˪ʍɵ˷ 
 
ɶ 14. TUHfǘ,<?ĬˍɅƵ 
 ƄŊ P value ˢǲ«Ȕ P value 
˱ˬþɞɚˉ˪ʍɵ 0.44 ± 0.01 0.23 16.2 ± 0.2 0.03˸ 
˱ˬþɞɚˉ˪ʍɵ 0.49 ± 0.01  15.4 ± 0.1  
˶ŋđº ± ǅǪʕŅ˷*̀P<0.05 
 
3−4. αȖǃȸ 
 αȖǃȸ-ôºCɶ 15 ,ȟ#αȖƪ˓Â®(ʌµ#ėõ,.
˻ʍɵ˓-ô
º,ƧŲ+Ņ.ʀĵ@+%#αȖüƪǌ,ʌµ#ėõ,.
Â'-ˤȒ,
¯Ȅ˶ư§×Ɵ˓˷.ɼ=@+%#6#
ǡαȖ,&'.ư§˓-ÛƵ7=
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@˶P<0.05 
˷˱ˬþɞɚˉ˪ʍɵ)Ǎʩ˱ˬþɞɚ˪ʍɵ,'Ȱüƪ-ǡ
αȖÊǿƪ˓ƧŲ,ĘØ#˶ P<0.05˷˶ Č 18 ˷αȖȰĈüƪ,.ǡαȖ.Êǿ+
%##9
c]-ʇʪ.+ 
  
ɶ 15. αȖÂ®-ôk{]  
˶ŋđº  ǅǪʕŅ˷ 
 
  
 ˱ˬþɞɚˉ˪ʍɵ(Ë)     ˱ˬþɞɚˉ˪ʍɵ˶Ë) Pvalue 
ɈɣŏƟ˓ 480     480      
ɈαȖƟ˓ 458.3 ± 3.4 462.6 ± 1.0 0.19 
Wake 21.7 ± 3.4 17.0 ± 1.2 0.15 
REM 97.7 ± 7.5 100.9 ± 4.5 0.63 
YbX˺ 48.1 ± 5.7 47.1 ± 4.8 0.64 
YbX˻ 220.0 ± 6.3 225.4 ± 7.5 0.34 
YbX˼ 92.6 ± 7.5 89.3 ± 7.6 0.57 
αȖǬƟ 15.9 ± 3.4 12.9 ± 2.3 0.21 
αȖÛǾ(%) 95.5 ± 0.4 96.4 ± 1.4 0.50 
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Č 18. αȖüƪǌ-ǡαȖÊǿƟ˓ 
˶̀˱ˬþɞɚˉ˪ʍɵ
̀˱ˬþɞɚˉ˪ʍɵ *̀P<0.05˷ 
 
3−5. ɴǢRTY<1ɴǢHY 
 ¯Ȅ˶ ư§×Ɵ˓ .˷ɼ=@+%#6#
ư§˓-ÛƵ7=@˶ P<0.05 
˷
˱ˬþɞɚˉ˪ʍɵ)Ǎʩ˱ˬþɞɚ˪ʍɵ,'
15:00 -HYǮő
ƧŲ+˱ºCȟ#˶Č 19 ˷ 
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Č 19. RTY<1HY-ɄƟĚÞ 
˶ ̀˱ˬþɞɚˉ˪ʍɵ
 ̀˱ˬþɞɚˉ˪ʍɵ *̀P<0.05˷ 
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4. ɓĵ 
 ƭȜȬ-#?βɼ.
˱ˬþɞɚˉ˪)Ǎʩ˱ˬþɞɚˉ˪-Ƌî,<%'

Ȃ®Zz-¤ɶȐ+Ƃǅ(?ǡˆ®Ǧ-ˢǲ«ȔƧŲ,Ţʲ
αȖȰüƪ,
?ǡαȖÊǿƟ˓ƧŲ,ǤĹ#)(?Ø'
˱ ˬþɞɚˉ-Ƌî,
<%'ɞʡˉÞˍĘğ?)):,
ŧƀƑ¬ÕųȢɄ˱º)+%#ɴ
Ǣ-HYǮő.
˱ˬþɞɚˉ˪-Ƌî,<%'ƞ˪Ţ,˱ºCȟ# 
 JhP¤ʛ˔ʷ˄©Ħ)ɞʡ¤ʛ˔ʷ˄©Ħ
ǰȍŮǹʡ-˔ʷ˄©Ħ<1α
ȖCÑť?Ɵʅ˄©Ħ.
,şˡCõh`dQ˔¶Cǃȸ'?)
ȟ@?˶Pivovarova. 2016 ˷Ǻ, Bmal1
Clock
Rev-erb	<1 Rev-erb+*-T
FƟʅ˄©ĦCi`QFId?)
ɞʡ¤ʛ˔ʷ˄©Ħ-Ȏǿ.ĘØ++>
Ƙ
ÄĚÜCȟ++?˶Shimba. 2005, ckel-Mahan. 2012, Cho. 2012 ˷ȜȬʗ˨ 2−1
2−2
(.˱ˬþɞɚˉ˪)Ǎʩ˱ˬþɞɚˉ˪-Ƌî,<%'ɞʡˉÞˍĘğ#
ƭȜȬ-ɅƵ.˱ˬþɞɚˉ˪-Ƌî,<%'ɸ˯ɔ- PPARα ǜŮÞ
ɞʡ¤
ʛɝ×ʹ#ñɝŮCȟ'?PPARα . Bmal1 -q|]˧ē,ȓƆɅ
õ?)(˄©ĦȎǿCʘȶ'?˶Oishi. 2005, Canaple. 2006 ˷6#"-Ɩ(
PPARα˄©Ħ,.
Clock/Bmal1-ʨÅɅõˈÌ)+? E-boxĲ,ħĐ'?˧
ē>
Clock/Bmal1 PPARα˄©Ħ-ʨÅCȓƆÑť'?ñɝŮȟ@'
?˶Oishi. 2005 ˷ĭ˙,
PPARα-Ne(?oGpd-Ž,<%'
x
IY-ǜÜ˒ĥƟÒ.ţ,Óʹ
Ƚ˻ʸ˓Ţ,. 3~4 Ɵ˓-«ȔÓʹCȟ#
˶Shirai. 2007 ˷ 
 ǜÜZz¥Ĝ,:oGpd.
®Ǧ¬;αȖ-«ȔÓʹCŖʢ
=
,.αȖ-ǡCȟ NREM αȖƪ-ɟǙ,ù6@?c]ǙCĘğ!?
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˶Chikahisa. 2008 ˷-ǆŐ,. PPARα -ǜŮÞ,<? fibroblast growth factor 21 
(FGF21)-ĘØ˔?FGF21.ʵ;,ɟÄ,ȧɵ
¬®ǦǼŴCŖʢ
˶Inagaki. 2007 ˷PPARα-NeŽ,<%' FGF21´ħȐ,¬®Ǧʒķ@

ƟÒ´ħȐ,Ơƪ-Ţã,®Ǧ-¬ʢ?)ȟ@#˶ Chikahisa. 2008 ˷@
=-βɼ.
PPARα .ɞʡ¤ʛ)Ȃ®Zz)CɅ1&?ːËĦ(>
Ȃ®Z
z. PPARα-ǜŮŚ6?)(Óʹ
ǜŮŘ6?)(Ţʲ?)ɓ=@? 
 HY.ɘɢ;ɞɚɃɌ-Ɵʅ˄©ĦC[`d
24 Ɵ˓,öʘ!?
˶Yamajuku. 2012 ˷ɴȻº-ƚƜCȟR[y`QHc`QY˶GIº˷
-˱˪ˮ.HYËǗˍ-ĘØCª
GI º-¬˪ˮ<>:<>ŚxIY
-ɘɢƟʅ˄©ĦC 24Ɵ˓,öʘ!?):B%'?˶Hirao. 2009 ˷ƭȜȬ(
.ƞ˪Ţ-Ɵ˓Ň,'
˱ ˬþɞɚˉ˪)Ǎʩ˱ˬþɞɚˉ˪-ƋîHY
ǮőCƚ!'>
-HY-˱ºɸ˯ɔ-Ȃ®ZzCĚÞ!#ñɝ
Ůɓ=@?6#
ƭȜȬ(.ǧĬ('+
ǰȍìŪ,˔? NF-κB
; TNF-αƟʅ˄©ĦȎǿCʘȶ?):Ë%'>˶Pivovarova. 2015 
˷˱ɞɚ
˪-Ƌî,<%'ĘØ?@=-ǹʡ-ħĐ:
ƭȜȬ-ɅƵ,şˡC#)ɓĵ
# 
 ƭȜȬ(Ť=@#βɼ.
fat adaptationCĭƗ'?FYd-®ˋȵȁ
T
cGW~ȵȁ,ǁ9'ˋɻ+Ȏɼ(?ȜȬʗ˨ 2−1,'Ť=@#ɞʡˉÞˍ3-
şˡ,Ø'
ȜȬʗ˨ 2−2(.˱ˬþɞɚˉ˪)Ǎʩ˱ˬþɞɚˉ˪,'ǡ
ˆ®Ǧ-ˢǲ«Ȕ-Ţʲ;αȖ-ʡ-¬ʀĵ@#ƓǽȜȬ;ȜȬʗ˨ 1,'ʱ
4#<,
αȖ-Ȱüƪ,?ǡαȖÊǿƟ˓.
αȖ-ʡCǔĬ?6#

ɻ+Ɵʅ˄©Ħ(? Clock CĚȋ!?)(UMcGFZzCɰǤ
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ɷ!#xIY.
əǨ;¤ʛȋŉCŖʢ˶Turek. 2005 ˷ɴǢ-HYǮ
őĘØ?)(
ɞʡˉÞżÑ@?):Ėû@'?˶Sidossis. 1996 ˷
ˑƪȐ+˱ɞɚ˪Ƌî,<%' fat adaptation Cĭʥ'?FYd-˪Äı,
˔'
ˬ þɞɚˉ)ˬþɞɚˉC*-Ȩő-Öõ(Ƌî'?,<%'
Ȃ®
ZzŢʲ?),<?ŰşˡȂ'?ñɝŮɓ=@? 
 ƭȜȬ(. 24 Ɵ˓-˪¢ÁCɵ%#ȲɗɞʡCÛǾȐ,JhP)'Ð
Ȅ(?<,ʧ®C˂Ū!? fat adaptation,ɦ?#9,.
ƑƦ,ǥ>˱ɞɚ˪
CƋî?Ũɻ?˶Hawley. 2011˷#9
ˑƪȐ+˱ɞɚ˪-¢Áʍ˯CĭƗ
"-şˡC¡Ţ.ƿʆ?Ũɻ? 
 
5. Ʌʚ 
 ˱ˬþɞɚˉ˪)Ǎʩ
˱ ˬþɞɚˉ˪.Ȃ®ZzCŢʲ!
αȖ-ʡ)ɞ
ʡ¤ʛɝ×C¬!?Ø'
ÕųȢɄǜÜC¬!ɴǢHYǮő:
ƚ!?oE`dcGR-<+˱ɞɚ-˪Cĭʥ?FYd-˪.

ˬþɞɚˉ-ˆCˬþɞɚˉ,ɍƉ?ŃġCɵ)(
®ʘȵȁ;koK
xYø,Šȯ'?)(?ñɝŮȟā@#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Ɉõɓĵ 
 ƭȜȬ.
Ƌî?Ƹ˭ɀ-ˍ;ȩ˩-ŅȋJhP¤ʛ
<1αȖCù8Ȃ
®Zz,ë5şˡCƿʆ?)CȒȐ)# 
 ȜȬʗ˨˺,<%'
˱ ɞɚ˪)Ǎʩ˱ǱǐÞǹ˪CƋî?)(
αȖ-Ȱ
üƪ-ǡαȖCǤĹ!?)ȝʑ@#Ø'
l}xM{],<
?JhP¤ʛǧĬ,<%'
˱ ǱǐÞǹ˪Ƌîʍɵ-ǱǐÞǹˉÞˍαȖȰü
ƪ<1Ȱüƪ,'ƧŲ,ĘØ#):ʀĵ#˪ -ǱǐÞǹˍCĘ;M
vcGR.ʍõÓ-FYd,Ķ'-ƥ:ǝ+˪Żǘ(?
ȜȬʗ
˨˺-ɅƵ<>ʍõÓƘ-ĺĴÓ,˱ǱǐÞǹ˪CƋî?).αȖ-ʡC¬
!?c{`dCŖʢ'?ñɝŮȟ@#Ɩ
˪ -ɞɚˍCĘ;o
E`dcGR)˪Żǘ-ƧÛŮ:ƿʆ@'?
ɞʡ.ÞĨǃʶŕ-
ˀ,<>ĝǄ+Ë˩+@'>
Ƌî?),ªǆɝŮC0)6)9,ɓ
?).(+˶Gillingham. 2011, Simopoulos. 2016, Hashimoto. 2017 ˷Ƌî?ɞʡ
-ȩ˩,<%'ɞʡ¤ʛ
αȖ<1Ȃ®Zz,*-<+şˡCï'?-ƿ
ʆ?Ũɻ? 
 ȜȬʗ˨ 2−1
2−2(.
Ƌî?ɞɚˉ-ȩ˩JhP¤ʛ
<1αȖCù
8Ȃ®Zz,?şˡ,&'ƿʆ#ǺĬ-ȩ˩-ɞɚˉCɸ˯ɔ,Ƌî!
?#9-Ɩǘ)'
ĸ˳ȹ,ɞɚˉɃŸ-ȋ+?Ǖɞ˶ ˱ˬþɞɚˉ6#.˱ˬþ
ɞɚˉʜĳ,ù6@?Ǖɞ˷Cɋ>7Ǵ#ʍ˯˪C¯Ÿ#ȜȬʗ˨ 2−1
(."-ʍ˯˪C±Ȅ'
˱ ˬþɞɚˉ˪-Ƌî)Ǎʩ˱ˬþɞɚˉ˪-Ƌî
24 Ɵ˓-ɞʡˉÞˍCȽ 10%ĘØ!?)
αȖƪ˓Cŧ,ÕųȢɄC˱9?
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)Cȝʑ#ȜȬʗ˨ 2−1(.ÕǈʌµˤȒ)'
ǡˆ®Ǧ-ǧĬ:ɵ%#Ƨ
Ų+Ņʀĵ@?ˤȒ.+%#
TUHfǘ,<%'Ĭˍ#ˢǲ«ȔCɸ˯
ɔ),ȝʑ#)A
˱ ˬþɞɚˉ˪-Ƌî,<%' 7  6 ˢǲ«ȔCŢʲ
!'?-B?˶Č 20 ˷ÁȖ-ɩŰ;αȖ-ǡ)ǡˆ®Ǧ,.˔ʷ
?)ĖûĝƑ>˶ Krauchi. 1999, Campbell. 1998, Lack. 2008 
˷ǟǯƟ;ÁȖÍƪ
-ǡˆ®Ǧ-ˀ
ÕųȢɄ-Ņȋ)°!'αȖǃȸ,:şˡC?ñɝŮCȟ
#ȜȬʗ˨ 2−1(.
ɸ˯ɔ-ȂǜǺŮCɆ?YQgRCɵ%'+
%#)
ǡˆ®Ǧ-ƘÄZz,ƧŲ+ŅCʀĵ(+%#éĊ(.+)ɓ
# 
 ȜȬʗ˨ 2−2(.
ƩĒĞĒʡăȿC±Ȅ
ƩĒ6#.˓Ē-ɸ˯ɔ-7CĶ
ʝ,ĭ˯Cɵ+%#=,
l}xM{],ÁĮ?ƭʍ˯śƘ- 5Ƙ
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